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The Luminosity Functions and Relative Dis- 
nces of Rich Clusters of Galaxies. GrorcE O. 
BELL, Department of Astronomy, University of 
Wifornia, Los Angeles.—A knowledge of the lumi- 
sity function of galaxies in rich clusters is impor- 
nt for the determination of relative distances of 
isters. A program is in progress to determine the 
ight end of the luminosity functions of about 30 
+h clusters by a method of extrafocal photographic 
jotometry carried out with the 48-inch Schmidt 
lescope of the Palomar Observatory. 
Tn each cluster field, magnitudes of a number of 
irs are determined photoelectrically. Magnitudes 
galaxies are determined by comparing the galaxian 
lages to those of the standard stars on each of sev- 
al plates taken at various distances out of focus. 
he measures are made in two colors, corresponding, 
proximately, to international photographic and 
\otovisual magnitudes. | 
The integrated galaxian magnitudes are derived 
pm the run of magnitudes obtained from succes- 
vely larger extrafocal images by a technique devel- 
yed by Abell and Mihalas. It is necessary to assume 
particular relation between the surface brightness 
“a galaxy and the distance from the center of the 
‘ojected galaxian image. A suitable interpolation 
rmula for the surface brightness has been deter- 
ined recently for 12 elliptical galaxies, eight by 
1otoelectric and four by photographic measures. 
Luminosity functions are now available for five 
usters. All show several distinctive features which 
‘rmit the determination of differences in distance 
oduli between the different clusters. The most im- 
tant feature is a preliminary maximum similar 
'a corresponding feature found in the luminosity 
metion of the Ursa Major Cluster Number 1 by 
aade in 1928 and by Seyfert in 1937. This maxi- 
appears to be a stable characteristic of the 
minosity function of galaxies in clusters. The 
htest cluster members range from 1.5 to 2.5 mag. 
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brighter. The difference between the magnitudes of 
the maximum and the 10th brightest cluster member 
varies from cluster to cluster by more than 0.5 mag. 


Light and Color Measures of Magnetic Stars. 
Hetmut A. Ast AND JoHN C. Gotson, Kitt Peak 
National Observatory.—A program is under way to 
obtain photoelectric photometry on the UBY system 
of nearly all the known peculiar A-type stars, using 
the 16- and 36-inch reflectors on Kitt Peak. The 
purpose of the project is to locate these stars in a 
U-B, B-V diagram and to determine which ones are 
variable in light and color. It has been found that 
except for the silicon-rich stars, the peculiar A-type 
stars fall on the main-sequence line in the U-B, B-V 
plane and show about as much scatter as do normal 
A-type stars. The silicon-rich stars, however, show 
considerable ultraviolet and blue excesses; these can- 
not be attributed to interstellar reddening or intrinsic 
variability. Among 17 stars measured at least three 
times, about 60% seem to be variable in light, about 
35% show a detectable variation in B-V color, and 
only about 10% show a detectable variation in 
U-B color. 


Lifetime of Solar Granules. J. D. R. BAHNG AND 
M. SCHWARZSCHILD, Princeton University Observa- 
tory.—A sequence of high-definition photographs of 
the solar granulation was obtained on the Stratoscope 
flight of August 17, 1959. The sequence covers a 
time interval of eight minutes. The correlation func- 
tion in time for the photospheric intensity variations 
has been determined from these photographs, with 
the help of an optical method proposed by Kovasznay. 

The resulting correlation function can be closely 
represented by an exponential decay: 


R(At) = exp(—At/6.3 minutes). 


If the average lifetime of granules is defined as twice 
the time interval in which the correlation drops to 
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one half, then this lifetime is found to be 8.6 minutes 
with an internal probable error of +£0.2 minutes. 
This new value is approximately twice as long as the 
classical determination by Ten Bruggencate and 
Grotrian based on low-definition plates. It is in gen- 
eral agreement with the more recent approximate 
estimates by Macris, Rosch and Hugon, and Bray 
and Loughhead. 

Project Stratoscope is supported by the Office 
of Naval Research and by the National Science 
Foundation. 


Osculating Elements Derived from the Modi- 
fied Hansen Theory for the Motion of an Arti- 
ficial Satellite. A. BatLiz AND R. Bryant, NASA, 
Goddard Space Flight Center, Greenbelt, Maryland. 
—The modified Hansen theory for the motion of an 
artificial satellite, as developed by Peter Musen, rep- 
resents the gravitational perturbations. The develop- 
ment takes the form of several trigonometric series 
with numerical coefficients and specified arguments. 
The result of the modified Hansen theory is the 
position vector of the satellite which is obtained by 
evaluating these series. 

In the present paper the velocity vector and the 
six classical osculating elements are shown to be 
obtainable also from the series in the general theory. 

The ability to obtain osculating elements and/or 
velocity from the modified Hansen theory is consid- 
ered a significant adjunct to that theory. Comparison 
with other general perturbations theories and with 
special perturbations techniques is now possible. Ac- 
curate transition from the general theory to numeri- 
cal integration makes it possible to transfer to the 
latter method when additional disturbing forces, not 
included in the general theory, become of conse- 
quence. 


An Investigation into the Seasonal Changes of 
Albedo as Derived from Earthshine Observations. 
Gustav A. Baxos, Smithsonian Astrophysical Ob- 

_ servatory.—Using A. Danjon’s photometer, earth- 
shine measurements were obtained at six of the 
Smithsonian Institution’s Satellite Tracking stations. 
The double-image photometer is designed in such a 
way that the earth’s albedo may be found through 
the ratios of the illuminations of the moon by the 
sun and by the earth. All of the measures are re- 
duced to an adopted normal phase angle of 115° (or 
245°), since the interest is in the fluctuations of the 
earthshine intensity relative to the atmospheric con- 
ditions and the percentage of land visible. Along this 
line, the land coverage was computed from photo- 
graphs of a globe as seen from the moon; this was 
done for each observation. The weather data sup- 
plied by the IGY World Data Center enabled the 
amount of cloud cover over the corresponding area 
to be determined. 
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Before consideration of how the cloud cover } 
surface variations affected the earth’s albedo, | 
observations were compared to the work of Dan} 
The change in the magnitude difference (as § 
from the moon) penvean the earth and sun wd 
seem to indicate a more linear variation than 
expressed by Danjon. This gives a basis for com} 
tation of a new phase function evaluation of 
seasonal effect on the coefficients. The albedo’ } 
found then for~each observation and studied yj 
regards to station location, latitudinal and long} 
dinal variation of cloudiness, and of land and wé 
surfaces. {| 

As suggested by Dr. Fred L. Whipple, tt 
should be a rapid change in the brightness of | 
moon as the solar reflection point passes from I} 
to water. If such a region was clear at the time 
observation, the increase in the brightness should) 
noticeable in the measurements. For a further usd 
the data obtained an analysis of this is underway.} 


Moonwatch Progress Report and Results ¢ 
tained. Gustav A. Baxos anp LEON CAMPBEH 
Jr., Smithsonian Astrophysical Observatory.—} 
Smithsonian Observatory’s satellite visual obsery 
program (Moonwatch) continues to be an effect 
organization, producing a steady and ample flow 
scientifically useful data. Affiliated in the progt| 
are 153 teams of volunteer observers in the U| 
and 19 other countries. 

The optical instruments used by the stations v| 
greatly as to numbers and types. The significant v¢ 
ations relate to penetration power and extent 
field view. 

Timing equipment most widely used is a combi} 
tion of radio receiver for reception of time sigr 
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and tape recorder. The use of stop watches is 
satisfactory alternative. 

In addition to the original mission of Moonwél 
namely, to obtain early acquisition data from wh 
preliminary ephemerides could be derived and 
make observations of the final decay of satellites, 
program is engaged in a routine tracking projé 
It is obvious that the accuracy of Moonwatch + 
servations does not match those of the Baker-Nr 
cameras ; however, some teams equipped with hi 
power telescopes are capable of producing obser 
tions closely approximating the field-reduced pho 
graphic observations. The mean error of Moonwai 
observations, as derived from the residuals of 1¢ 
Alpha 1 and 1959 Iota 1, is 0.6 second of time. ( 
positional error is about 0.5 deg. 

Planning calls for the acquisition of Moonwa' 
stations in the higher latitudes and other ple 
foresee . 

1. Procurement of additional deeper-penetrati 
telescopes, (120 mm, 20x). 


)|. Procurement of improved telescope mountings, 

h circles capable of giving position readings to 

accuracy of at least ;45 degree of arc. 

>|. Servicing of stations on a wider and more fre- 

ont basis. 

+ Development of techniques and instrumentation 

} producing greater accuracies in position and time 

jasures. 

), Establishing a satellite photometric (light-curve) 
wject. 


Dbservations of a Large Redshift. WittiAm A. 

UM AND R. Minxowsk1, Mount Wilson and Palo- 
r Observatories, Carnegie Institution of Wash- 
iton, California Institute of Technology, Pasadena, 
lifornia.—Investigation of radio sources has led 
nkowski to the discovery of a very distant cluster 
galaxies whose brightest member provides, the 
ntification for the radio source 3C295. The spec- 
‘m of this galaxy shows a strong emission line of 
147.8. By analogy with the spectrum of Cygnus A 
! line can only be identified with [O11] 3726/29. 
e redshift therefore is 0.4614+0.0002. 
Redshifts above 0.2 can be observed spectroscopi- 
ly only for objects showing strong emission lines, 
t for all galaxies of normal color they are readily 
sessible to the method of multicolor photoelectric 
otometry. Using this method Baum has observed 
edshift of 0.44+0.03 for two average galaxies in the 
tral part of the cluster. The agreement with the 
ectroscopic value proves the validity of the photo- 
‘tric method for the measurement of redshifts of 
to 0.5. 
The present results establish the possibility of 
iching redshifts at which cosmological effects are 
‘ge enough to permit observational discrimination 
tween different cosmological theories. The results, 
line with two earlier photometric determinations of 
Ishifts in the range from 0.3 to 0.4 by Baum, favor 
exploding universe, but observations of more very 
stant clusters are needed to determine the relation 
tween redshift and magnitude with adequate 
curacy. 


Major Flares and Geomagnetic Activity. Bar- 
RA Betti, Harvard College Observatory.—The re- 
ion between geomagnetic storms and major solar 
Tes was studied, with particular attention to the 
agnetic type and the location of the flaring sunspot. 
tr the 23 years, 1937-1959, the IAU Quarterly 
illetins yielded 580 major (importance >2*) flares. 
aily magnetic classifications were obtained for the 
sociated sunspot groups from Mount Wilson 
cords. 

ch flare was assigned to one of four geomag- 
‘ic categories, according to the behavior of the Kp 
| Ap indices in the three days following the flare: 
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no storm, small storm, moderate storm, and great 
storm (an Ap 2100 and or one 3-hr Kp 29-). 

A flare occurring in a magnetically complex sun- 
spot group (y or By) is more likely to be followed 
by a major storm than is a flare in a unipolar («) or 
bipolar (8) spot group. The percentage of major 
flares followed by a great storm for each type of 
spot is: (y) 23%, (By) 23%, (8) 4.6%, (a) 11%, 
with an average of 12.6% for all 580 flares. The 
percents followed by a moderate or a great storm 
are: (y) 42%, (By) 35%, (8) 16%, (@) 21%, with 
an average of 25% for all types. 

The expected concentration of great-storm flares 
toward the central regions of the solar disk was 
found, but this effect was less striking than the con- 
centration of great-storm flares in the northern solar 
hemisphere. In the 23 years studied, 62% of the 
major flares occurred in the solar north. Northern 
spot groups produced 86% of the major flares fol- 
lowed by great storms and 64% of those followed by 
moderate storms. The probability of a great storm 
after a northern flare is 17.6%, contrasted with only 
4.5% after a southern flare. This surprising effect 
appears about equally in each of the three sunspot 
maxima studied, and tends to increase with the 
intensity of the storm. 

The work here reported was supported by ARDC 
contract. The cooperation of Mount Wilson Observa- 
tory in making sunspot classification records avail- 
able, and of the Meudon Observatory in providing a 
prepublication copy of the 1958-1959 flare lists, is 
gratefully acknowledged. 


Absolute f-Value of the PbI Line, 22833. 
Graypon D. Bett, Harvey Mudd College, AND 
Rosert B. Kine, California Institute of Technology. 
—Improvements made in the atomic beam apparatus 
used for the measurement of absolute f-values of 
resonance lines of the metals and refinements in 
techniques are described. Recent measurements of 
the Pb line A2833 give an absolute f-value of 0.23 
+0.02 for this line. This is in poor agreement with 
the f-value of 0.60 reported by H. D. Engler (1956, 
Z. Physik 144, 343). Our f-value, in combination 
with the measurements of the relative f-values of 
dA2833, 3683, and 4057 by M. Z. Kokhlov (1959, 
Contrib. Crimean Astrophys. Obs. 21, 84), yields ab- 
solute f-values of 0.16 for 43683 and 0.35 for »4057. 

Supported by the Office of Naval Research. 


The Brighter Early-Type Stars in the Region 
of the North Galactic Pole. Witt1am P. BineL- 
MAN, Lick Observatory, AND BENGT WESTERLUND, 
Uppsala Southern Station, Mount Stromlo, Aus- 
tralia.—Spectroscopic and photometric observations, 
made at the McDonald and Lick Observatories, re- 
spectively, are reported for approximately 100 early- 
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type stars situated within 15° of the north galactic 
pole. Within 12°5 of the pole, observations of both 
types are available for all (66) of the stars of HD 
types A2 or earlier, and data are also available for 
eight fainter BD stars. The faintest star considered 
has V=10.8. 

Six peculiar A stars and 19 metallic-line stars 
were found, as well as several other unusual objects. 
The U, B, V photometry is discussed both in terms 
of its application to the problem of selective absorp- 
tion in this direction and in terms of its implications 
concerning the nature of the stars involved. Many of 
the stars, including some of the faintest, lie very near 
the normal U-B, B-V plot, indicating that the selec- 
tive absorption, in general, is too small to be deter- 
mined by this method. The stars deviating from the 
normal curve in such a way that they might be 
thought to be reddened do not, in fact, appear to 
be so. 


On the Design of a Photographic Star Map 
with Coordinate Grid. A. BRANDENBERGER, Ohio 
State University, AND H. B. WACKERNAGEL, 
AFCCDD (CCSTN), L. G. Hanscom Field, Bed- 
ford, Massachusetts—A new and unique star map 
is in the process of being constructed by the Institute 
of Geodesy, Photogrammetry and Cartography of 
the Ohio State University for the National Space 
Surveillance Control Center. The atlas will cover the 
entire sky and contain a coordinate grid, epoch 
1950.0. The primary purpose of this atlas is to 
obtain quickly, and with an accuracy of approxi- 
mately one minute of arc, the positions of artificial 
earth satellites and space probes from film exposed 
with a Baker-Nunn satellite-tracking camera. This 
atlas will be useful for many other projects as well, 
e.g., for a search for comets. The construction and 
use of such an atlas was originally suggested by G. 
Miczaika. The project initiation was done under 
his supervision. 

The atlas consists of 212 sheets, 94 each for the 
northern and the southern calotte and 24 for the 
equatorial belt. Each sheet covers an area of 15° by 
15° in gnomonic projection. The atlas sheets are 
mosaicked together from nine 5° by 5° pieces cut 
from 30° by 5° frames obtained with two of the 
Mark-II Baker-Nunn cameras. The pieces are aligned 
with the help of 9X3=27 match stars, for which the 
position has been computed in the gnomonic projec- 
tion. The two hemispheres are photographed by the 
cameras in California and in Chile. 

The scale of the atlas corresponds to a nominal 
focal length of 500 mm. The optimal projection dis- 
tance for minimizing the scale differences is 496 mm. 
The edition to be used in conjunction with the Baker- 
Nunn cameras is mounted between glass. These glass 
plates fit into the special blink microscope. 
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A second edition on photographic paper and a 
a scale corresponding to a focal length of 1000 n) 
will probably be published at a later date. 


The Ottawa Mirror-Transit Telescope. Gror 
A. BREALEY, Dominion Observatory (introduced | 
Matcotm M. THomson).—The design of the ( 
tawa Mirror Transit, which is located near the 
building of the Dominion Observatory, is well < 
vanced and Some preliminary test observations 
begun. 

It is housed in a well-insulated building which 
cooled in order to hold the instrument at anticipat 
nighttime temperatures. The north and south er 
move apart on rails, completely exposing the inst 
ment and giving a clear line of sight to within 13° 
each horizon along the meridian. 

An 11-inch diameter, 2-inch thick quartz mirror 
held in the central axis with its plane in the a 
of rotation. The mirror reflects the starlight it 
either one of two horizontal telescopes, which < 
each of 10 inches aperture and 168 focal leng 
there being a gap of some 160 inches between 1 
two objective glasses with the axis assembly midw 
between. Each telescope can “see” 20° or mote | 
yond the zenith, providing a convenient overlap. 

The direction of the mirror normal is obtain 
from four, or possibly six, of the conventional f 
croscopes, having objectives of five inches fo 
length, magnification 6X. These photograph | 
divided circle, which is marked in three-mim 
intervals. The behavior of the mirror in its varie 
attitudes is determined by autocollimating telescoj 
which view small mirrors cemented to the east . 
west flanks of the main mirror. 

Two bright-wire recticles, one fixed, and one mi 
able with the star image, are placed, face to face, 
the prime foci of the telescopes; and all images % 
transported about six inches by unit magnificatior 
the film plane. Observations may be by photogra 
or visual means, the lead screw in either case b 
driven at the correct velocity by an analo§ 
computer. ; 
{ 

Early Solar Evolution. R. R. BROWNLEE A 
A. N. Cox, Los Alamos Scientific Laboratory, ! 
Alamos, New Mexico.—Using fully time-depend 
nonlinear and nonadiabatic equations pertaining 
stellar structure, the early evolution of a a 
solar mass of composition X=0.744, Y=0. 
Z=0.02 has been computed. Features such as 
path on the bolometric magnitude vs log effecti 
temperature diagram, the time scale, the burning 
primordial deuterium, and the depth of the hydro; 
convection zone at various times are discussed. Ce 
parisons are made with the earlier work of Hem 
et al. For the hydrogen convective layer spe 

; 


| 
| 
| 
| 


satment was necessary to assure an ‘accurate model 
|d to allow efficient calculations. Calculations of the 


|New Neutron Sources of Possible Astrophysi- 
iL Importance. A. G. W. Cameron, Mount Wilson 
4d Palomar Observatories —The helium-burning 
‘utron sources previously discussed seem inade- 
jiate for heavy-element formation by neutron cap- 
‘re on a slow time scale, owing to the probable 
jaall abundances of C1* and Ne?! following hydrogen 
Jermonuclear reactions in a stellar interior. These 
/nvert most of the original C, NV, and O nuclei into 
»**. However, when helium-burning starts, the reac- 
yons N**(a,y)F18(Btv) O18 and O18(a,y) Ne”? should 
vadily take place. Temperatures near 210° °K are 
‘eded to destroy Ne??; if these should be available 
“var the end of helium-burning, then the reactions 
1e?(a,y) Mg and Ne??(an)Mg?> should occur 
ith comparable probabilities. The latter reaction is 
‘idothermic, but the optimum thermonuclear bom- 
irding energy lies near the neutron emission thresh- 
‘din the Mg** compound nucleus. Up to 40 neu- 
‘ons per initial silicon atom in the star may be 
-oduced in this way, a number entirely adequate for 
tavy element synthesis. 

| The possible role of neutron production in carbon 
lermonuclear reactions has previously been dis- 
‘issed. It now appears likely that a large rate of 
yergy loss by neutrino-antineutrino pair emission 
zar 10° °K (particularly by the Pontecorvo free-free 
fect and by the neutrino Compton effect) will cause 
‘irbon thermonuclear reactions to take place either 
| very high rates of energy generation or explo- 
vely. Two possible sequences of reactions can re- 
ase a burst of neutrons when partly burned carbon 
‘xplodes, transforming heavy elements into a new 
eutron-rich abundance pattern (this may be called 
tutron capture on an intermediate time scale). 
jarbon pycnonuclear ignition of a Type I supernova 
splosion would yield a very strong burst of neu- 
jons which can transform heavy elements into prod- 
tts of neutron capture on a fast time scale. In view 
| all the neutron sources which now seem possible, 
| is difficult to predict which stellar objects are re- 
ponsible for making the heavy elements. 

| Supported by the Air Force Office of Scientific 
esearch, 


| Observations of Radio Noise Storms on Jupiter 
juring the 1960 Apparition. T. D. Carr, A. G. 
Mitu, N. CHATTERTON, AND F. Srx, University of 
Yorida anp H. Botituacen, Maipi Radio-astro- 
omical Observatory of the University of Chile— 
‘he radio noise sporadically emitted by Jupiter was 
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monitored at several frequencies between 10 and 27.6 
Mc for approximately six months during the 1960 
apparition. Observations were made at the University 
of Florida Radio Observatory and at the Maipu 
Radio-astronomical Observatory of the University 
of Chile. Activity was found to be considerably 
greater than during the two previous apparitions. 
Activity was greatest in the vicinity of 18 Mc, and 
was slight at 27.6 Mc. The principal source is still 
centered at approximately the same System III lon- 
gitude that it has occupied during the six previous 
years for which data are available. The polarization 
of the radiation at 22.2 Mc was almost always right- 
handed elliptical at both observatories. The fact that 
the same polarization sense was observed from sta- 
tions above and below the geomagnetic equator ap- 
parently rules out the possibility that the polarization 
originates in the terrestrial ionosphere. A noise storm 
was usually confined to a frequency band a few 
megacycles wide, but the active band often drifted 
slowly up or down the spectrum. The spectrum of 
each pulse making up a storm was usually a few 
tenths of a megacycle wide. Simultaneous observa- 
tions at 10 Mc and 20 Mc revealed that noise occur- 
ring at these harmonically related frequencies is not 
correlated. Striking differences in 18-Mc bursts ob- 
served simultaneously from Chile and Florida are 
attributed to scintillations arising in the terrestrial 
ionosphere. The theory that the radiation arises from 
the entry of solar particles into Jupiter’s magnetic 
field is being tested by correlating the noise data 
obtained in Chile at Jovian opposition with the 
occurrence of solar flares and geomagnetic disturb- 
ances. 

This work is being sponsored by the National 
Science Foundation, the Office of Naval Research, 
and the U.S. Army Office of Ordnance Research. 


Lunar Thermal Emission Measurements Dur- 
ing the Total Lunar Eclipse of 13 March 1960. 
Joun P. CastTeLii, Cart P. FERIOLI, AND JULES 
Aarons, Propagation Sciences Laboratory, Elec- 
tronics Research Directorate, Air Force Research 
Division, L. G. Hanscom Field, Bedford, Massa- 
chusetts—Utilizing the Sagamore Hill Radio Ob- 
servatory’s 84-foot antenna, thermal emission from 
the moon was measured at 3000 and 1300 Mc during 
total lunar eclipse of March 13, 1960. Antenna beam 
angles involved were 18 minutes of arc at 3000 Mc 
and 38 minutes of are at 1300 Mc. 

For ten hours drift measurements were taken at 
the rate of five per hour before, during, and after the 
eclipse. Sky temperature and calibrations were made 
after each drift. No change in temperature within the 
2.5% measureable limits was observed. At 3000 Mc 
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the temperature of the moon was 256°K; at 1300 Mc 
the temperature of the moon was 254°K. 

Further data were gathered for half a lunation be- 
tween first and third quarter of lunar phase. With 
the same accuracies quoted above no change in tem- 
perature at 3000 Mc was measured during this 
series of observations. Additional data will be taken 
at 3000 Mc to determine the variability of lunar 
temperatures over several lunations. 


Surface and Brightness Temperatures from the 
Central Intensities of the Balmer Lines. Guisa 
CayreL, Mt. Wilson and Palomar Observatories 
(introduced by Jesse L. GREENSTEIN ).—According 
to the local thermodynamic equilibrium picture, the 
pseudocontinuum formed by the central intensities of 
strong saturated lines (the first Balmer lines, for 
instance) is given by the energy distribution of a 
blackbody at the surface temperature T,. 

Surface temperatures have been derived by this 
method for 33 stars. They are in reasonable agree- 
ment between spectral type B5-F8 with expected 
surface temperatures from model atmospheres. 

Using a few eclipsing variables we have checked 
this method and derived the radii of these variables 
when their parallaxes are known. We have calcu- 
lated also the limb-darkening constants of the 33 
stars. 


Model Atmospheres and Conventional Curve of 
Growth Analysis. Rocer CayreLt, Mount Wilson 
and Palomar Observatories (introduced by Jesse L. 
GREENSTEIN ).—Possible systematic differences be- 
tween abundances derived from the conventional 
curve of growth analysis and from, detailed model 
atmosphere computations have been investigated. 
They have been found to be small, usually less than 
the sum of the errors arising from observational in- 
accuracy and incorrect assumptions in the theory. 

The main advantage of using models seems, there- 
fore, to be confined to the use of more observational 
data to determine the physical parameters, tempera- 
ture and gravity. Color, Balmer jump, and profiles of 
the Balmer lines are such examples. In addition, the 
use of models removes the uncertainty in the con- 
nection between the excitation and ionization tem- 
peratures. 

Supported by U.S. Air Force Office of Scientific 
Research under contract. 


Harvard 21-Cm Maser Observations of Gal- 
axies. B. F. C. Cooper, E. E. Epstein, S. J. Gorp- 
STEIN, JR., J. V. JELLEY, AND M. A. Karran-Kassim, 
Harvard College Observatory.—A three-level solid- 
state ruby maser has been installed on the 60-foot 
Harvard radio telescope. The maser was constructed 
primarily for a study of the 21-cm hydrogen-line 
radiation. The sensitivity of the maser has permitted 
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a study of galaxies which are relatively nearby 
space. 

The maser radiometer is a switched or Dicke ty} 
that measures the difference in total power availal 
from the antenna and a reference load. In this cai 
the reference load is maintained at liquid-heliv} 
temperature. The antenna and reference-load tei 
peratures can be balanced by adding noise to 1] 
reference load from an argon noise source. The ne 
radiometer is balariced at the beginning of each | 
servation in order to minimize the effects of radion| 
ter gain changes. ql 

The total noise temperature of the radiometer | 
approximately 100°K, made up of 70°K because | 
ohmic losses in the switch, circulator, and coax] 
cables, 20°K because of the side lobes of the antent| 
and 10°K because of the remainder of the receive 
The input switch is a Y-type circulator with a 1} 
versible magnetic field; the phase-sensitive detect] 
uses a relay with gold-plated contacts. Both ~ 
switch and the detector operate at 3.5 cycles/secor} 
The radiometer bandwidth is 1 Me for continu 
observations and 200 ke for observations on fj 
line; the integration time is 50 sec, and the anten! 
beamwidth is 55 minutes of arc. 

Each of the observations is a drift curve, half ‘ 
hour long, for sources near the celestial equator ar 
longer at higher declinations. For each source,’ 
minimum of three reliable drift curves were obtain 
at a frequency corresponding to the uncorrected re 
shift given by Humason, Mayall, and Sandage. 
minimum of three drift curves were obtained at’ 
frequency substantially removed from the redsh 
frequency. 

Three of the galaxies observed by the Lei 
group, NGC 3031, 4258, and 6822, are alike in - 
their redshifts are within the range of velocities 
hydrogen in our own galaxy. Detectable signals f 
each of these sources exist at the optical position a1 
velocity. However, only in the case of NGC 68 
does the radiation have a small enough angular si 
to make it certain that the external galaxy is t 
source. Confirmation of Leiden observations on NG 
5194, 5457, and 6822 was obtained. 

Hydrogen emission from NGC 2403, 4214, 46% 
5236, and IC 10 has been observed. Continuum em: 
sion has also been detected for NGC 5236. 

The galaxies in our list not previously observ 
were selected on the basis of large angular size 
the Shapley-Ames catalogue or from the presence 
emission regions reported by Humason, Mayall, a 
Sandage. This program is continuing and is su 
ported by the National Science Foundation. 


A Method of Computing Stellar Interior Mc 
els. A. N. Cox, D. L. Bowers, anp R. R. Brow 
LEE, Los Alamos Scientific Laboratory, Los Alam 


?w Mexico.—A method of stellar model construc- 
®n is described which allows easy steps from one 
¥)del to the next in the course of evolution of a 
lar mass. The equations which are solved simul- 
heously at each time step by using the IBM 704 
@: the following: the radiation flux equation, an 
= proximate convective flux equation, the electron 
fat conduction equation, the equation of momentum 
‘nservation, and the conservation of energy equa- 
Yn. The calculation is done in a Lagrangian coor- 
Jnate system making the conservation of mass equa- 
‘nm very simple. Standard energy generation ex- 
essions are used. We have calculated the equations 
| state and opacities as needed. These data include, 
jong other details, the effects of radiation pressure 
: d energy, and those of electron degeneracy. Solu- 
on of these simultaneous equations at each time 
p allows one to watch the one-space-dimensional 
‘laxation of stellar mass to its equilibrium in all the 
ynlinear nonadiabatic detail. Some results for one 
‘lar mass are given. — 


H-Beta Photometry for the Association I La- 
urtae. D. L. CrawForp, Kitt Peak National Ob- 
‘rvatory and Arthur J. Dyer Observatory, Vander- 
lt University—The association I Lacertae has 
een studied recently by R. H. Hardie and C. K. 
eyfert (1959, Astrophys. J. 129, 601). They uti- 
ved objective prism spectra and U, B, V photometry 
1 obtain an H-R diagram. The present paper may be 
msidered an extension of that work, employing 
'=w observational data. 

| All stars earlier in spectral type than AO were 
\easured with conventional H-beta filter (Crawford, 
) L., 1958, Astrophys. J. 128, 185). In addition, a 
‘w stars later than AO and lying above the observed 
lain sequence were measured as a test for member- 
nip. Membership of some late B-type stars in the 
iispersed area of the association has also been tested. 
| A revised list of members is presented, and a new 
-R diagram shown. 


The Extreme Ultraviolet Spectrum of the Sun. 
2 R. DEeTwier, J. D. PurceLt, anp R. Tousey, 
. S. Naval Research Laboratory.—Spectra obtained 
mith a normal incidence grating spectrograph on 
{pril 19, 1960 confirmed all the emission lines ap- 
earing in the March 13, 1959 spectrum and added 
any new lines, extending to 500 A. The identified 
Imes are almost all resonance and low excitation 
otential lines of the abundant light elements through 
ulfur. About 30 lines have not yet been identified. 
amb effects can be seen in several lines. New lines 
aclude the resonance lines of Six11 at 499 and 520 A. 
The 1960 spectrum was obtained free from stray 
ight by double dispersion. It reveals a solar con- 
inuum extending to 1000 A. The intensity is en- 
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hanced near Lyman-a and this may be the charge 
transfer continuum of H,*. Below 1525 A the con- 
tinuum is free of Fraunhofer lines. However, it shows 
H,O absorption bands produced by water from the 
rocket. The Lyman continuum is also present, and 
shows absorption by N,. 


Two New Applications of 21-Cm Absorption 
Measurements. NANNIELOU H. DIETER, Air Force 
Command and Control Development Division, L. G. 
Hanscom Field, Bedford, Massachusetts, AND BRUCE 
C. Murray, Air Force Research Division, L. G. 
Hanscom Field, Bedford, Massachusetts—The an- 
nual and diurnal motions of the earth produce corre- 
sponding variations in the observed frequency of 
21-cm absorption lines present in the spectra of dis- 
crete radio sources. These lines result from absorp- 
tion by neutral hydrogen clouds lying between the 
discrete source and the observer, and at a central 
frequency corresponding to the relative radial veloc- 
ity of the earth and the absorption cloud. Lilley and 
Brouwer are already instrumenting an observation of 
the annual frequency shift to obtain an improved 
value of the solar parallax. The present paper pro- 
poses two other new applications of precise frequency 
variation measurement. 

Measurements of both annual and diurnal fre- 
quency variations can yield apparent positions of the 
absorbing hydrogen clouds. The apparent positions 
of the clouds include, however, the aberration due to 
the relative motion of the cloud with respect to the 
earth. Measurements by long-wavelength interferom- 
etry, on the other hand, yield apparent positions of 
the same discrete sources which include aberration 
caused by the relative motion of the source with 
respect to the earth. Consequently, comparison of 
Doppler-derived apparent source positions with those 
obtained by interferometry will give the difference 
in proper motion between the source and cloud. 

An indirect test of the transverse Doppler effect 
predicted by the special theory of relativity is also 
proposed. This test is based upon a comparison of 
the measured annual frequency variation with that 
corresponding to the value of the astronomical unit 
obtained independently by improved radar-ranging 
techniques. 


A Uniform Statistical Analysis of Jovian Dec- 
ameter Radiation, 1950-1960. James N. Douatas, 
Yale University—A permanent IBM-card catalogue 
has been initiated of all of the known Jupiter decam- 
eter radio noise storms, kindly made available by 
C. Shain, B. Burke, K. Franklin, R. Gallet, J. Kraus, 
G. Reber, A. Smith, and T. Carr, and supplemented 
with four years of multichannel observations at Yale. 
Uniform statistical analysis of this material estab- 
lishes the radio (presumably also the solid-body) 
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rotation period of Jupiter as 9®55™298.37+05.16 s.d. 
A provisional definition of “radio longitude’ follows 
as Ap=Ay+0.2742 (t—2433339.5000), with dA, the 
radio longitude, Ay the familiar System II longitude, 
and ¢ in Julian days. Within the precision of the 
existing data, the period has been constant over the 
ten years of observation from 1950 to 1960, over the 
frequency range from 18 to 27 Mc, and for the three 
principal regions of emission whose radio longitudes 
are /6°=£13, 178°=27 and 254°=215. The widthi- of 
the major, 178°, peak declines with frequency as 
noted by other observers, being 60° at 18 Mc, 47° 
at 20 Mc and 40° at 22.2 Mc. It is interesting to 
note that the two minor peaks are separated by 180° 
in longitude. While the three peaks are usually well 
defined, there is evidence that they may not be com- 
pletely independent. The shape of the occurrence- 
frequency histogram correlates significantly with the 
solar elongation of earth as seen from Jupiter. Also 
in the combined data there appears to be a significant 
correlation with solar activity, delayed three or four 
days, in general agreement with Warwick’s findings. 

This work was made possible by Research Cor- 
poration, NSF, and NASA grants. 


Solar Radio Burst Measurements on 0.43-, 
3.15- and 9.4-Cm Wavelengths. S. EDELSON AND 
C. Grant, Radio Astronomy Branch, U. S. Naval 
Research Laboratory, Washington 25, D. C._—Analy- 
ses of a series of solar outbursts observed on 0.43-, 
3.15- and 9.4-cm wavelengths between November 30, 
and December 3, 1959 at the U. S. Naval Research 
Laboratory, strongly suggests that the projected posi- 
tions of all the radio sources were located in Ha 
flares occurring in the McMath plage region 5476. 
The active areas most closely associated with the 
radio sources were determined by correlating the Ha 
light curves with the radio flux curves. 

The average solar flux levels at the times just 
preceding each of the disturbances were (6800 
== 600) 910-77, (248-512) 10-2 “and! (234258)" 10,2 
w mr’ (c/s) on 0.43, 3.15, and 9.4 cm, respectively. 
The maximum total solar flux at the times of the 
disturbances ranged from >14000Xx10-22 to 6300 
x 10-2? on 0.43 cm, >850x 10-22 to 420 x 10-2? on 3.15 
em,rand >1630* 10 “-tov280« 10-7 wm? (e/se 
on 9.4 cm. 

A comparison of the average solar flux levels with 
the spectrum of the quiet sun extrapolated to 0.43 
centimeters shows that there was no detectable in- 
crease in the thermal emission at 0.43 em. Solar flux 
calculations at 0.43 cm, based on measurements 
made between April 29 and June 1, 1960, yielded a 
value of (6820+600) 10-?? wm” (c/s). In order 
to detect a slowly varying component, at 0.43 cm, 
which may be considerably less than the uncertainty 
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of +600X10-2 wm (c/s)+, systematic obser 
tions over a longer period may be necessary. 

Brightness temperatures of the radio-burst sour 
were deduced from the measured flux increase! 
each wavelength, and the assumed source size. Dia 
eters of the radio sources of about 4 minute of | 
were inferred from the discrete Ha correlating 
gions, and calculated on the assumption that 
were radial projections above the optical area é 
were at heights of 20000 km at 0.43 cm, 30 000° 
at 3.15 cm, and 37000 km at 9.4 cm. The 3.15- 
height was interpolated using the measured ti 
differences between the peak flux at each of © 
wavelengths observed in the December 1 event. 1 
following brightness temperatures thus deduced: 
X10" to 1.8108 at 0.43 cm, 6.0108 to 1.8x 108 
3.15 cm, and 4.3X10® to 3.1X10” °K at 94m 
suggest that this enhanced radiation is probally a 
ing from nonthermal emission. 


On the Reduction of Photographic Star Pe 
tions and Proper Motions. Hernricu K. Ex 
HORN, Van Vleck Observatory, Wesleyan Univers 
—It is shown that a considerable increase in sys 
matic accuracy can be obtained in photographic pe 
tion work by eliminating the systematic errors wh 
result between the positions of the same stars 
obtained from overlapping plates with differ 
centers. 

Technically, a strict least-squares solution for 1 
problem will necessitate the solution of a syst 
where the number of unknown coordinates is equa 
the total number of stars plus the number of st 
times plate constants. This method lends itself f 
ticularly well to the reduction of photogmphes ‘ 
catalogues. 

A rigorous solution of this system can be ea 
and practically obtained by iterations which will 
ways converge. Theoretical investigations show t 
the accuracy to be expected from a solution of t 
kind can be predicted under the assumption 0 
smooth distribution of stars. The application of » 
principle (the practical application of which requ: 
an electronic computer) to parallax work not ¢ 
increases the accuracy of the parallaxes thus obtait 
but also yields accurate positions and motion of 
comparison stars, which are very often urge 
needed for the determination of mass ratios if 
servation series from different instruments are 
be combined in one solution. 


Polarization Measurements from the 2 Octo 
1959 Eclipse. Wittiam E. FeLttinc anp Micu 
Witunsxki, McDonnell Aircraft Corporation, — 
search Department, St. Louis, Missouwri.—Dut 
the total solar eclipse of 2 October 1959, a j 
McDonnell Aircraft Corporation-USAF Air Resea 


id Development Command expedition to the Canary 
lands made measurements of the magnitude and 
rection of the polarization of the coronal light. 
he observations presented in this report were made 
om an F-101B airplane, flying at 45000 ft, well 
jove the scattering influences of the earth’s atmos- 
iere. By flying at supersonic speeds, the airplane 
as able to remain in the umbral cone for 7.6™51° 
n RB-47 from the 16th Air Force, flying along the 
ith of totality at 30 000 ft, furnished the navigational 
isistance to set the F-101B on the desired course 
the correct time. 

A Millikan DMB III 16-mm movie camera was 
sed for the photography. This camera was equipped 
ith a disk of Polaroid HN-32 mounted in front of 
le optical system. The disk was rotated 60° be- 
veen each successive frame of film. A total of 178 
ames of film have been analyzed in a microdensi- 
meter built specially for this purpose. 

The magnitudes of the percent polarization in the 
gion 2.5Ro<R<5.5Ro are in fair agreement with 
le results from previous eclipses. The deviations in 
ie direction of the magnetic vector from the radial 
irection are significantly larger, particularly in the 
juatorial region. The familiar, but unexplained phe- 
omenon of greater light intensities across the lunar 
isk than in the outer corona (R>3Ro) was ob- 
arved on all frames of film. 

This research was supported under USAF con- 
act. 


21-cm Continuum Observations of Discrete 
ources. S. J. GoLpsTEIN, JR., Harvard College Ob- 
rvatory, Agassiz Station, Harvard, Massachusetts. 
-The switched maser radiometer mounted on the 
0-foot reflector at Harvard College Observatory has 
een used at 1422.4 Mc to observe continuum sources, 
elected from the survey at 85.7 Mc by Mills, Slee, 
nd Hill. This paper is a report on 18 of the sources 
t galactic latitudes greater than 9° for which posi- 
ve results have been obtained in good positional 
ereement with those reported at 85.7 Mc. The 
bservations at 1422.4 Mc, made with 1 Mc band- 
idth, and beamwidths of 55’ in both declination and 
ight ascension, consist of two or more drift curves 
nd two or more scans in declination across each 
murce. The weakest of these sources at 1422.4 Mc 
roduces deflections of several times the rms fluctua- 
ons on single records with an integration time of 
sn seconds. 

One hopes to obtain accurate average spectral 
dices from these observations, and those of Mills, 
lee, and Hill because (1) the sources are strong 
t both frequencies, (2) neither instrument is af- 
scted by angular size of the source, (3) the beam- 
ridths of the two instruments are nearly equal, and 
4) the large ratio, 16.6, of the two frequencies of ob- 
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servation reduces the effect of errors in flux density 
on the value of the spectral index. 

The spectral indices range from 0.56 to 1.10 with 
an average of 0.85. There is no clear-cut evidence 
of grouping. This is a much narrower range of in- 
dices than that obtained at lower frequencies by 
Whitfield. 

The three sources which are extended at 85.7 Mc 
have smaller indices than the three which are possibly 
extended, the latter sources having about average 
spectral indices. Thus, for some of the sources there 
may be an inverse correlation between angular size 
and spectral index. 


Polarization and Extinction by Models of In- 
terstellar Dust Clouds. J. Mayo GREENBERG, Rens- 
selaer Polytechnic Institute——Calculations have been 
made on the wavelength dependence of polarization 
and extinction by models of interstellar dust clouds 
consisting of refracting spheroidal particles. The cal- 
culations are based on scattering data obtained by 
the microwave analogue method for particles with an 
index of refraction of 1.3. 


Some Fluctuations in the Interplanetary Mag- 
netic Field and their Relationship to Solar Ac- 
tivity. E. W. Greenstapt, Space Technology Lab- 
oratories, Inc., Los Angeles, California, AND G. E. 
Moreton, Lockheed Solar Observatory, Lockheed 
Aircraft Corporation, Burbank, California—The 
American solar satellite 1960 a (Pioneer V) was 
launched into orbit toward the trajectory of Venus 
on March 11, 1960. Among the instruments con- 
tained in the vehicle was a magnetometer sensitive 
to field values greater than 0.1 gamma. With the 
exception of a brief period following the launching, 
all the data transmitted by the vehicle, which deliv- 
ered information to the earth well into June 1960, 
represent samplings of the interplanetary region in- 
side the earth’s orbit. 

The orientation of the vehicle and the operation 
of the search coil magnetometer were such that the 
measured values of the field represent a magnetic 
component essentially perpendicular to the plane of 
the ecliptic. Two outstanding characteristics are in 
evidence upon examination of the average field values 
during successive payload transmission periods. 
First, the occurrence of frequent and sometimes ex- 
tensive variations in the measured field component, 
and second, the consistent return of the field to a 
base value of 2.5 gamma over the entire period of 
recorded data, despite the great distance traveled 
by the payload. 

As has long been observed at magnetic observa- 
tories on the earth, strong flare activity on the sun 
is often followed by magnetic storms at the earth’s 
surface. Corresponding severe deviations in the field 
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were observed by the payload at times of peak flare 
activity during March and April. Lesser perturba- 
tions of the field, which were common during the 
flight of 1960 a, are examined and compared with 
some preliminary data on chromospheric activity 
during March and April. 


Flare Stars in the Region of the Orion Nebula. 
G. Haro, E. CHavira, anpD FE. MEenpoza,~Tonant- 
zintla and Tacubaya Observatories——Centering on 
the Trapezium stars and using the Tonantzintla 
Schmidt camera and plates sensitized for different 
wavelengths, a field of about 25 sq deg has been 
searched for flare- or flash-type stars. In this area, 
over 50 new stars have been found that undergo 
rapid variation in light and spectral features. The 
rapid variation—from minimum to maximum and 


back to minimum—takes in all these stars from 40 - 


minutes up to 5 hours. The amplitudes do not seem 
to show a good correlation with the time of variation. 
Some of these stars have shown several flareups 
during the total time of observation. The distribution 
of the flare or flash stars in and around the Orion 
Nebula is entirely similar to that corresponding to 
T Tauri-type stars, and this can be considered as a 
good argument against what some Soviet astrono- 
mers have asserted regarding the uniform distri- 
bution of the flare or flash stars. 

According to our present data, it seems that on 
the average at least every two hours one flare star 
appears in the region under study. 

A considerable number of hypersensitized infra- 
red plates have been obtained without finding in 
them any definite case of a flare or flash star. The 
afore-mentioned would indicate that the rapid varia- 
tion of the so-called flare- or flash-type stars is not 
due to a significant change in the temperature or 
radius of the star. 


Systematic Search for Faint Blue Stars near 
the South Galactic Pole. GuILLERMo Haro, Obser- 
vatorio de Tonantzintla, AND WiLtLtEM J. LuytTen, 
University of Minnesota.—A search has been made 
on 49 plates taken with the Palomar Schmidt tele- 
scope near the south galactic pole for faint blue 
stars. In a total area of about 2000 sq deg some 8000 
blue stars were marked, mostly brighter than the 
19th magnitude (photographic). The stars found very 
clearly fall into several different groups exhibiting 
different relationships between the values of B-V 
and U-B, and all four stellar groups found by Iriarte 
are present. Although very little is as yet known 
about the luminosities and the kinematic properties 
of these stars, it seems indicated that members of 
both Population I and Population II are present in 
the galactic halo and that this halo may well extend 
to distances as large as those of the Magellanic 
Clouds. Consequently it appears plausible to assume 
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that the two Clouds may be contained within thi 
halo. There are definite indications of nonuniforn 
distribution of these blue stars but whether or 
we can trace “umbilical cords” stretching toward the 
two Clouds or to the Andromeda and Triangulunj 
galaxies it is too early to say. a | 


The Herbig-Haro Objects Near NGC 1999) 
G. Haro, Observatorio Tonantzintla, Mexico, AX 
R. Mrnxowsxt, Mount Wilson and Palomar Obj 
servatories, Carnegie Institution of Washington, Caliy 
forma Institute of Technology. —Photographs of th 
Haro-Herbig objects in the visual region with the 
200-inch telescope show that Object No. 1, like 
Object No. 2, consists of small condensations on ¢| 
background of faint unresolved nebulosity. A revised 
analysis of the observations (Bohm, K. H., 1956; 
Astrophys. J. 123, 379) of Object No. 1, leads tq 
visual magnitudes from 18.4 to 21.5, electron densij 
ties from : 3x 10* to 2.7 10* cnr’, and masses fron} 
3x10?" to 3X10"* g for the individual onan 
in both objects. | 

None of the condensations contains a star as brigh| 

as M,=21. Infrared plates taken in Tonantzintla anq 
with the 48-inch telescope on Palomar do not sho 
any star brighter than M,=19.5. Therefore, th 
emission lines of H and K and the faint continuous 
spectrum observed by Herbig and investigated by 
Bohm cannot be of stellar origin. The faintness o 
the objects in the infrared is out of line with the 
color B-V=1.7 found by Bohm for the continuum} 
The nature of the continuum remains an oper 
question. | 

Since no star brighter than M,=+13 is obaee eC 
in the condensations and, since no external souree 
of excitation is visible, the most attractive hypothesis 
is that the condensations contain a protostar and that 
the excitation is due to nonradiative processes of 
the surface of the protostar. The similarity of the 
spectrum to the spectra of T Tauri stars suggests 
that the protostar is an early stage in the evolution 
of a T Tauri star and that the nonradiative processes 
remain active during the later stages of evolution an 
are the source of excitation of the emission spectrum 
of T Tauri stars. The sudden appearance of ne 
condensations [Herbig, G. H., editor, 1957, Nov 
Stable Stars, [.A.U. Symposium No. 3 (Univers 
Press, Cambridge), p. 3] may be because of a sudder 
start of the excitation at a certain stage of the ie 
tracting evolution of the protostar. An alternate 
sibility which might deserve theoretical investigatior 
is a slow growth of the excitation and a rapid trans. 
formation of a residual dust cloud around the proto 
star into a gas cloud. oe 


The Evolution of Massive Stars After Hydro: 
gen Exhaustion in the Core. CHuUSHIRO HAYASE 
AND Rosert C. Cameron, National Aeronautics 


heoretical Division, Silver Spring, Maryland — 
omputations of advanced evolutionary phases were 
jmade for a Population I star of 15.6 solar masses, 
vhose hydrogen-burning phase was treated by S. 
[So Verog: 
(yore) "22, 531]. The effect of 
adiation pressure was taken into account. The 
elium-burning phase accounts for the early-type 
pergiant branch of the H-R diagram of the double 
‘luster h and x Persei. 

| A gravitational contraction phase begins during 
aydrogen burning when Xore=0.005. The effective 
mperature increases slightly for 1.4 10° years until 
Xeore=0.00003. The envelope then expands, while 
/he inner regions continue to contract until gravita- 
ion is providing most of the star’s energy. At T, 
<9000°K, the direction of evolution in the H-R 
liagram again reverses and the star begins to burn 
jielium as an A-type star near the low-temperature 
and of the early-type supergiant branch of h and x 
Persei. For this phase we essentially repeated the 
work of C. Hayashi, J. Jugaku, and M. Nishida 
1959, Prog. Theoret. Phys. (Kyoto) 21, 315], but 
(ncluded the effect of the conversion of helium to 
tarbon on the mean molecular weight. We find 
igher central temperatures for the later stages of 
‘helium burning and also a reversal of direction of 
ithe evolutionary track when the star has become a 
late B-type with V.o.=0.35, after 8.2X10° years of 
helium burning. The star reaches the M-type super- 
giant region in an additional 3.4X10° years with 
V¥ core=0.015 anda central temperature of 3.2108 °K. 
‘The mass of the convective core during helium burn- 
ing increases monotonically. Thus the dependence 
of the later evolutionary phases on thé star’s helium- 
burning history is small. 

| Preliminary results have been obtained for the 
subsequent carbon (or neon) burning phase, indi- 
ing a very large stellar radius, which will be re- 
ed considerably when the outer convective zone 
is taken into account. This phase will probably ac- 
‘count for the M-type supergiant branch of h and x 
‘Persei. The central temperature at the onset of car- 
bon burning is 7108 °K and the central density is 


40 000 ¢g/cm'. 


S$ Stars South of Declination —25°. Karu G. 
HENIzE, Dearborn Observatory, Northwestern Uni- 
sity, Evanston, Illinois—A catalogue of 145 S 
rs found on the objective-prism spectrum plates 
the Michigan-Mount Wilson Southern Ha Survey 
has been compiled. This survey covers the sky south 
of declination —25° uniformly to red magnitude 
10.5. The spectra cover the red-yellow region with 
i dispersion of 450 A/mm at Ha and permit classi- 
fication of most of the stars by the Keenan system 
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through comparison of ZrO bands at 6345 and 
6474 with TiO bands at A5861 and A6159. (Keenen, 
P. C., 1954, Astrophys. J. 120, 484.) 

Fifty-one of these stars are known to be variable. 
Of these, 20 appear in the General Catalogue of 
Variable Stars while the variability of the remaining 
31 has been discovered in this survey. The percentage 
of variables increases both with later temperature 
class and with increasing ZrO abundance. The dis- 
tribution in galactic latitude is approximately the 
same for the variable stars as for the nonvariables. 
Distribution in galactic latitude shows little or no 
dependence on the abundance of ZrO. The latitude 
distribution of all 145 stars is compared with the 
data of J. J. Nassau and V. M. Blanco (1954, 
Astrophys. J. 120, 464) and is found to correspond 
closely to the distribution of their late-M stars. 

In addition to the 145 clearly identifiable S stars, 
18 stars with weak and somewhat uncertain ZrO 
and 4 stars with uncertain ZrO together with ex- 
tremely strong sodium D absorption were found. 
The latter stars, which appear similar to WZ Cas, 
remy Veaps, UY Cen; :(CD —60°3017 and “Anon 
O38"4559,, —70°35’ (1875). 


Observations of Interstellar Lines. Grorcre H. 
Herzic, Lick Observatory, University of California, 
Mt. Hamilton, California—tThe coudé spectrograph 
of the 120-inch telescope has been used since March 
1960 for observations of interstellar lines in early- 
type stars, mainly with a dispersion of 2.0 A/mm. 
The present report deals with the results obtained up 
to August, but covers only the ultraviolet spectral 
region. A weak interstellar line observed in ¢ Persei 
by Spitzer and Field, and identified by Feast and by 
McKellar and Richardson as probably due to the 
molecule CH, has now been measured on a number 
of spectrograms of £ Ophiuchi. The mean wavelength 
is 3143.17, which agrees well with the laboratory 
value of about 3143.15. In addition, two fainter pre- 
dicted lines of CH have been found at 3137.53 and 
3146.00, so that there can be no doubt as to the iden- 
tification. A very faint predicted line of CH*, the 
R(O) line of the 4,0 band, has also been measured 
in £ Ophiuchi at 3447.08. A specific search for inter- 
stellar lines of OH, OH*, NH, and CN* has thus 


far been unsuccessful. 


Parabolic Orbit Calculations on the IBM 650. 
Paut Hercet, Cincinnati Observatory—An IBM 
650 electronic computer program has been planned 
to compute parabolic orbits for comets by means of 
Olbers’ method. It is specifically designed to include 
a number of HALT’s so that the operator may ob- 
serve and control the course of the calculations until 
satisfactory residuals are obtained. 

Control is effected by means of the “plus-minus” 
dial on the console, and arbitrary, trial values of M 
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or rho may also be selected from the console setting. 
The end result is the set of elements g, T, node, 
inclination, argument of perihelion, and the unit 
vectors, P and Q. 


The Structure of the Small Magellanic Cloud. 
Hucu M. Jounson, Steward Observatory.—Multi- 
color photography shows the Small Magellanic Cloud 
to be, rather like the Large Magellanic Cloud (John- 
son, H. M., 1959, Publs. Astron. Soc. Pacific 71, 301 
and 425), a distorted spiral and elliptical system 
combined. A spectrophotometric analysis is made of 
NGC 346 in the spiral. 


Behavior of the Bands of Aluminum Oxide in 
Stellar Spectra. Puitip C. KEENAN, Perkins Ob- 
servatory, Delaware, Ohio.—By the middle of 1960 
there had been two occasions on which the strongest 
blue bands of AJO were seen clearly in emission in 
the spectra of Mira variables—1924 (Mira itself) 
and 1960 (R Ser). Both times the emission is known 
to have persisted for several weeks when these vari- 
ables were passing through maxima that were fainter 
than normal. Although P. W. Merrill (1956, Car- 
negie Inst. Publ. No. 610, p. 40) has suspected faint 
emission in Mira at the maxima of 1927 and 1929, 
both stars have had several other faint maxima at 
which no A/O emission was present. 

These bands, having their strongest head at 4842 A, 
belong to the blue system of A/JO and are usually 
observed in absorption in Mira variables of about 
type M5e or later. They are consistently stronger in 
these stars than in either ordinary M-type giants or 
small-amplitude red variables, where they cannot usu- 
ally be observed with low dispersion unless’ the type 
is as late as M7. An example of this difference had 
been noticed in 1940 by D. N. Davis (Publs. Astron. 
Soc. Pacific 52, 207) who compared a Her and Mira 
when both stars had types close to M6. The one 
remarkable exception to this rule is the supergiant 
p Cas, which developed AlO absorption along with 
TiO bands in 1946, when it was one magnitude 
fainter than normal, 

A survey of about 60 Mira variables has shown 
real differences from star to star, confirming Mer- 
rill’s observations that the A/JO absorption is un- 
usually strong compared to the TiO bands in R Hya 
and RT Lib. The stars with strong AJO include SU 
Vir also, while RT Cyg is one of those in which the 
AlO bands appear weak. 

There are also real differences in AJO absorption 
from cycle to cycle of any one Mira variable. These 
changes are most striking in those variables which 
have the strongest bands; this suggests incipient 
emission filling in the absorption heads at times. In 
the Mira variables which never show strong AlO ab- 
sorption, however, some other explanation is neces- 
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sary—either the concentration of AJO is lower 
their atmospheres are less transparent. 


Rosette Configurations of Gravitating Bodi¢ 
in Homographic Equilibrium. W. B. KLEMPERE 
Douglas Aircraft Company, Inc., Santa Monica, Cab 
fornia (introduced by ARMIN J. DEutTscH).—A pa 
ticular case of the multibody problem which admil 
of simple solutions has been identified. It concert 
hypothetical plane arrays of an even number ¢ 
mutually gravitating bodies revolving about the 
common barycenter in dynamic equilibrium whi 
maintaining the shape of their configuration (thoug 
not necessarily its size). The common property < 
this family of arrays is the existence of mirror s 
metry about the radius vector from the barycenter { 
each of the massive bodies. The dynamic equilibriv 
is demonstrated for a range of rhombic configur 
tions and for arrays in the shape of hexagonal a 
octagonal regular rosettes. These arrangements con 
prise alternating heavier bodies, all alike, anda 
equal number of lighter bodies, also all alike, ij 
regularly alternating fashion. Relationships betwee 
permissible radius ratios and mass ratios are di 
rived, and it is found that, while the mass ratio ma 
assume any positive value, the compatible radii ca 
differ only-within narrow limits. A sun body may ¢ 
may not be located in the barycenter. The orbits a1 
all circles, or, in general, conic sections of equi 
eccentricity with the barycenter at one focus. TI 
influences of the mass and radius ratios upon th 
angular velocity of the orbital motion and upon pe 
missible oscillations out of the mean orbital plane 
also discussed. 


The Escape of Long-Period Comets from th 
Solar System. R. A. LyttrLeton, St. John’s Colleg 
Cambridge, England.—At each approach to the su 
a long-period comet can undergo a change in 7 
binding energy (—GM,/2a) by an amount compar: 
ble with this and of either sign, through the dynamic 
action of Jupiter (and to a lesser extent of the oth 
great planets). As a result, the total orbital energ 
of a comet performs a kind of linear random wal 
and if it ever becomes essentially positive, the com 
will have ultimately hyperbolic motion and escaj 
from the solar system. Before this stage, the larger 
becomes the longer the period, which varies as 4 
and the longer the interval between successive aj 
proaches to the sun-Jupiter system. This feature i 
troduces a special difficulty into the problem of dete 
mining the statistical evolution of the binding energi 
of long-period comets. By Monte Carlo methods tl 
histories of several hundred postulated comets hai 
been followed out for a series of assumed startit 
values of their energies. It is found that after a tin 
of 5X 10° years, only about one comet in 2000 wou 
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re remained bound to the solar ‘system, if no 


irce of replenishment of comets is assumed. 

The study strongly suggests that the comets cannot 
original members of the solar system and that the 
‘sence now of some 200000 or more long-period 
mets implies that some process of addition of 
nets occurs from time to time. 


Observations of an Asteroidal Meteor and a 
tw Estimate of the Meteoric Luminous Effi- 
mey. RicHarp E. McCrosxy, Smithsonian Astro- 
ysical Observatory and Harvard College Observa- 
ty.—One usually determines the mass of a mete- 
did by an established empirical relationship that 
volves the mass, velocity, and the luminosity of the 
‘teor and a proportionality factor, the luminous 
iciency. Estimates of this proportionality factor 
ve been made by a variety of methods, the results 
which differ appreciably; the estimate of E. Opik 
fers by several orders of magnitude from that of 
_F. Cook and F. L. Whipple. Consequently, the 
ass of a meteoroid cannot yet be given with any 
gree of confidence. 

The drag equation offers a method that is inde- 
ndent of the luminous efficiency factor. This appli- 
tion requires that the density and the shape of the 
idy be known. The density of the cometary mete- 
oid, however, is unknown, and meteors that are 
disputably the product of an asteroidal body have 
'retofore been absent among those photographed. 
A unique example of a meteor with the physical 
id orbital characteristics of an asteroidal body has 
cently been analyzed. A spherical shape has been 
sumed. The existing uncertainty in the luminous 
ficiency is such that only large and unlikely depar- 
res from sphericity will vitiate the~value of the 
sult. The high luminous efficiency that was found 
compatible with the value suggested by Opik. The 
w value of the luminous efficiency determined em- 
tically by Cook and Whipple may be valid for 
metary meteoroids if these bodies contain a smaller 
action of elements that are responsible for the 
eteoric luminosity. 


A Dynamical Determination of the Astronomi- 
il Unit by a Least-Squares Fit to the Orbit of 
ioneer V. J. B. McGuire, D. D. Morrison, AND 
. Wona, Space Technology Laboratories, Inc., Los 
ngeles, California (introduced by Guipo Mtncn). 
-The astronomical unit has long eluded precise de- 
rmination because it enters the two-body Kepler 
‘oblem as a scale factor, and as a scale factor 
langes in the size of the astronomical unit do not 
lange any angular measurement. Since angles are 
ie primary measured quantitites of classical astron- 
ny, the astronomical unit does not enter the dy- 
imics and thus the astronomical unit has been 
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determined by geometrical means (i.e., measuring 
solar parallax). 

If, however, one is concerned with a three-body 
problem, the effect of a change in the astronomical 
unit is to add a secular (i.e., time-increasing) per- 
turbation to the motion. This effect has been utilized 
by E. K. Rabe (1950, Astron. J. 54, 112) in the so- 
called dynamical method of astronomical unit deter- 
mination. 

It was first suggested by R. C. Booton (1960, 
Space Technology Laboratories Tech. Rept. 60-0000- 
00215) that the orbit of an interplanetary probe 
could be affected (since it is a three-body problem) 
by a change in the astronomical unit, and thus the 
astronomical unit should be measurable by a least- 
squares fit to the radio Doppler data from such a 
probe. 

Previous determinations of the astronomical unit 
have been made by both dynamical and geometrical 
means. The most recent of the dynamical measure- 
ments is that of Rabe, which has a quoted accuracy 
of +4.4 parts in 10°. The most recent geometrical 
measurement is that of Spencer-Jones (1941, Mem. 
Roy. Astron. Soc. LXVI, Part II) which has a 
quoted accuracy of +1.1 parts in 10*. The measured 
values of the astronomical unit, however, differ by 
one part in 10°. 

At the time of writing of this abstract the tracking 
of the Pioneer V probe is incomplete; thus the accu- 
racy of the measurement of the astronomical unit is 
as yet unknown. Unfortunately, radio contact with 
Pioneer V will not be maintained to a sufficient 
distance from the earth to effect any improvement in 
the uncertainties in the astronomical unit quoted by 
Rabe. It is hoped, however, that sufficient accuracy 
will be attained to lend more weight to either Rabe 
or the Spencer-Jones value of the astronomical unit. 

It will be shown that Doppler tracking of an inter- 
planetary probe to a distance of 80000000 miles 
from the earth could yield a value of the astronomical 
unit which is competitive in accuracy with Rabe’s 
determination. 

Supported by National Aeronautics and Space 
Administration. 


Rotational Velocities of B Stars in the Orion 
Association. D. H. McNamara, Physics Depart- 
ment, Brigham Y oung University.—A spectrographic 
investigation at a dispersion of 10 A/mm of B0.5-B3 
stars in the Orion Association has revealed that they 
possess remarkably small rotational velocities when 
compared with general field stars of similar type. 
The average value of v sin 7 for 28 stars (all except 
four are luminosity class V) is 99 km/sec. This com- 
pares with the average value of v sin 7 determined by 
Slettebak and Howard for a group of 67 B1-B3 
(luminosity class V) field stars of (v sin 7) =157 
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km/sec. Assuming a random orientation of the axes 
of rotation we find an average rotational velocity 
(v)=126 km/sec for the Orion stars compared with 
(v)=200 km/sec for the general field stars. 


Preliminary Spectrophotometric Observations 
of Nova Herculis, 1960. Ap—en B. MEINEL, Kitt 
Peak National Observatory.—The scanning ratio 
spectrometer has been used with the 16-inch and 
36-inch telescopes to observe the spectrum of Nova 
Herculis 1960. Daily observations were started on 
March 10, and continued on an intermittent basis 
since May, when changes became less frequent. Com- 
plex changes within the spectrum will be described. 

A by-product of these observations has been the 
determination of the extinction curve as a function 
of wavelength for Kitt Peak. 


A Relationship between Flares and Loop Prom- 
inences. Donatp H. MenzeEL, Harvard College Ob- 
servatory.—Carrington’s famous observation of a 
white-light solar flare is reviewed. It is suggested 
that Carrington’s observation can best be interpreted 
as an extremely brilliant loop prominence, developing 
out of coronal material under the action of electric 
currents and associated magnetic fields, from the top 
downward in the manner characteristic of loop prom- 
inences. Enhanced convection around the edges of 
sunspots tends to raise the residual magnetic and 
electric currents there to higher levels, where the 
repulsion of the magnetic fields tends to form the 
current into a loop. The coronal material, caught 
within the current loop, is squeezed by the well-known 
pinch effect to a density so high that recombination 
of ions and electrons suddenly occurs,, rapidly cooling 
the material so that it becomes luminous in Ha and 
lines of similar high excitation. If sufficient material 
is caught and compressed within the loop, it will 
attain the brilliance of an Ha flare; if still more is 
caught, sufficient to make the pinched loop optically 
thick in white light, we may expect a white-light 
flare, such as Carrington saw. 

This suggestion, that certain flares can be identi- 
fied with loop prominences, does not intend to imply 
that all or even most flares are so associated. It is 
finally, however, suggested that a more intensive 
search should be made for flares in white light, par- 
ticularly in the vicinity of large active spot groups 
with loop prominence activity. 


A Goniometric Measuring Engine for Curved 
Film. G. R. Miczatxa, Aeronutronic, a Division of 
Ford Motor Company, Newport Beach, California, 
AND J. Nunn, Joseph Nunn and Associates, Pasa- 
dena, Califorma.—An instrument for measuring rela- 
tive positions of objects on curved films (Schmidt 
camera image fields) has been developed. Its prin- 
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ciples of operation and dimensional reliability a 
discussed with particular reference to the eliminati¢ 
of systemic errors and speedy reduction of data | 
catalogue information. j 


The Distribution of C, in the Heads of Comet] 
Freeman D. Mitter, The Observatory, Universi 
of Michigan.—Nine comets of sufficient angular sig 
to permit study of the light distribution in the pi 
jected images~have. been observed at the Universi 
of Michigan in the last 12 years. Prior to 1957 coi 
ventional filters were used to effect some separatic 
of radiations from different constituents. In 1957 4 
interference filter designed to isolate the 5165 A be 
of C, was used to photograph comets Arend-Rolani 
Encke and Mrkos, and in 1960 for Comet Burnhar 
In four of the nine comets the dust component whic 
contributes to the coma and type-III tail was wea 
Isophote configurations of these comets can be ¢ 
tributed primarily to neutral molecules. The form : 
the isophotes suggests that these molecules are eith 
ionized or dissociated before reaching the classic 
Eddington parabolic envelope. This, together wit 
the variation in projected intensity as a function | 
distance from the nucleus, demonstrates that an ay 
propriate half-life of the molecules must be include 
in models of the coma. The problem is current! 
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being programed for the IBM 704. Isophotes « 
Comet Burnham are oval, with the long axis pe 
pendicular to the projected radius vector. Ejectie 
of the neutral molecules predominantly into the sat 
ward hemisphere is the most probable interpretatio: 
but a dispersion in the ejection velocities may ple 
a role. t 

: 


Hy Observations of Flare-Initiated Disturl 
ances with Velocities ~1000 km/sec. G. E. Mor 
ton, Lockheed Solar Observatory, Lockheed At 
craft Corporation, Burbank, Califormia—Durit 
1959 a program of six frame per minute He cinem: 
tography revealed four events where a flare unam 
biguously resulted in abrupt activation of one ‘ 
more absorption filaments, situated in preferred dire 
tions, at distances of 150 000 to 700 000 km from f#l 
flare. The flares have a distinct premaximum inte 
sity “explosive” phase, at which time the lumino 
borders appear to suddenly expand at rates of sevet 
hundred km/sec. It was inferred that the filame 
activations resulted from a disturbance initiated 
the explosive phase and propagated through the so 
atmosphere to the filaments. The four cases indicate 
assignment of a velocity of ~1000 km/sec to the di 
turbance. Since January 1960 observations have bet 
conducted with the 0.5 A birefringent filter bandpa 
displaced 0.5 A to the blue wing of Ha resulting 
greater sensitivity to Doppler-shifted absorption fe 
tures ; four additional such events have been detecte 


lhree flares have been observed where direct meas- 
rement of Doppler-shifted features confirm the high 
elocities inferred from subsequent filament activa- 
jons. At 2039 UT, June 25, 1960 an importance-2 
Jare initiated a disturbance which activated and re- 
ctivated five separate filaments. Direct measurement 
sulted in assignment of a minimum velocity of 
500 km/sec to a broad cloudlike feature. The eight 
are-initiated disturbances detected to date have 
ransverse velocity components ranging from 550 to 
500 km/sec, suggesting a close relation to flare asso- 
jated disturbances thought to result in type-II 
‘ursts and geomagnetic storms. 


————-—-.— 


“The Linear Dimensions of HII Regions. Guipo 
Mincn, California Institute of Technology.—The 
Ehization equilibrium of interstellar hydrogen near 
lot stars has been studied and has taken into con- 
jideration the finite probability for recombination in 
he ground state. Simultaneous solutions of the trans- 
er equation for radiation beyond the head of the 
uyman series and Saha’s relation have been found, 
baying attention to the spherical geometry. For a 
value A=0.4 for the probability of scattering of an 
UV quantum, it is found that the radius of the sphere 
bf ionized hydrogen increases by a factor of 1.6 with 
respect to that obtained neglecting the diffuse radia- 
tion field (Stromgren’s radius). These results are in 
(lisagreement with those derived by Pottash and Jef- 
feries (1959, Ann. d’ Astrophys. 22, 297) owing to an 
erroneous boundary condition adopted by these au- 
‘thors. In considering the case of a thin spherical 
shell around the hot star, Pottash and Jefferies im- 
pose as boundary condition at the inner boundary 
the vanishing of the diffuse radiation field. The cor- 
‘rect boundary condition is.the vanishing of the flux 
of diffuse radiation throughout the inner volume en- 
‘closed by the shell (Milne’s “planetary nebula” con- 
(dition). The numerical integrations and procedures 
followed by Pottash and Jefferies for the spherical 
‘case have not been published in sufficient detail to 
be compared with our results. It is suspected that 
‘their work for this case is also vitiated by the use 
‘of a boundary condition with no physical meaning. 


——— 


Period and Amplitude Variations in $ Cephei 
Stars. G. J. Opcers, Dominion Astrophysical Ob- 
servatory.—Extensive series of observations of sev- 
eral 8 Cephei stars have been made and it appears 
that secular changes of amplitude—generally increas- 
ing—and period occur. By making use of the general 
relationship “period proportional to the inverse of 
the root of the mean density” an analysis of these 
‘effects in terms of long-term changes in the dimen- 
sions of these stars can be made. Detailed examination 
‘is made of the star BW Vulpeculae, for which obser- 
tvations extending over 35 years exist, and which 
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shows a marked increase of period together with a 
large amplitude, which in turn increases, and with 
an increasing rate, 


Tektites and the Cyrillid Shower. Joun A. 
O’Keere, Theoretical Division, Goddard Space 
Flight Center, National Aeronautics and Space Ad- 
ministration, Washington, D, C——The name Cyril- 
lids is proposed for the great meteor procession of 
St. Cyril’s day, February 9, 1913, following the 
precedent by which the Perseids are sometimes 
called after St. Lawrence’s day. [ Porter, J. G., 1952, 
Comets and Meteor Streams (Chapman and Hall, 
London), p. 66.] 

The Cyrillids are considered by most students 
(La Paz, L., 1956, Meteorites 1, 402) to have been 
in orbit around the earth. They entered the atmos- 
phere at exceptionally low speeds along a trajectory 
nearly parallel to the horizon. Opik’s [1958, Physics 
of Meteor Flight in the Atmosphere (Interscience 
Publishers, New York)] theory of meteor ablation 
applied to this case indicates that the droplets should 
have had diameters of the order of a centimeter in- 
stead of the submillimeter droplets associated with 
some iron meteorite falls. Hanus and Hardcastle 
have proposed that this is the manner of formation 
of the tektites, on the basis of their shapes. 

The detailed theory predicts a temperature of 2100°, 
in agreement with the lack of water. It predicts a 
time of heating of the order of 10 minutes, in agree- 
ment with the evidence from magnetic measurements, 
which give a lower limit and from the presence of 
streaks of amorphous SiO, (lechatelierite) which set 
an upper limit. The time is confirmed by the apparent 
conversion of the oxide to FeO. The theory is con- 
sistent with the theories of G. Baker (1959, Mem. 
Natl. Museum Victoria, No. 23) on the location of 
australite flanges and their apparent mode of forma- 
tion from thin liquid layers. 


Intercomparison of Space Velocities and Dis- 
persions of Mira Variables with Those of Other 
Stars. V. Osvatps, Leander McCormick Observa- 
tory, University of Virgima—After Wilson and 
Merrill (1942, Astrophys. J. 95, 248) the space 
velocities of Mira variables had been studied b 
P. G. Kulikovsky [1948, Var. Star Bull. (Russia) 
6, 225], J. Ikaunieks (1950, Fiz. un Mat. Inst. 
Raksti, Riga II, 101), and U. S. Safronov [1955, 
Var. Star Bull. (Russia) 10, 236]. 

The numerical values for velocities and disper- 
sions derived by us agree satisfactorily with those by 
the others with exception of the @ component for 
variables with P>300 days. In our solution it is 
about 30 km/sec larger. The exceptionally high abso- 
lute magnitude and the large space velocity of the 
second subgroup, 150<P<200 days remain as in 
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previous results and the cause for that is the large 
radial velocities in this group. 

It is interesting to analyze our results in the way 
suggested to us by Dr. Vyssotsky, as outlined in his 
summarizing article (1957, Publs. Astron. Soc. Pa- 
cific 69, 109). The position of subgroup 2 in the 
Haas-Bottlinger diagram indicates a high eccentricity 
of the orbits the stars in this group are describing. 
In addition, this group lags behind the galactic rota- 
tion much more than any of the other subgroups. 
Further, the projections of velocity-vector points on 
the galactic plane indicate a high orbital inclination 
for variables with periods <300 days and a low in- 
clination for those with P>300 days. Also, the devia- 
tion of vertex and smaller group velocity indicates 
that the variables with P>300 days stay closer to the 
galactic plane. However, the division at 300 days is 
only an approximate one, as we do not know whether 
there is any sudden break in periods of high and low 
inclination Mira variables. A more definite answer 
to this might be sought in the spectra of variables 
with periods between, say, 275 and 325 days. Another 
task is to affirm or disprove the large radial veloci- 
ties in the 150-200 day period-group by selecting as 
many variables as possible with periods from the 
shortest ones up to 225 days and determining their 
radial velocities. 


Space Velocities of Mira Variables. V. Osva.ps, 
Leander McCormick Observatory, University of Vir- 
ginia, AND A. MARGUERITE RISLEY, Randolph-Macon 
Woman’s College, Lynchburg, Virginia—Table I 
summarizes the results obtained from combining 
radial velocities by P. W. Merrill (1941, Astrophys. 
J. 94, 171); periods, apparent mean maximum mag- 
nitudes and the spectra at maxima as given in Gen- 
eral Catalogue of Variable Stars (1958, Moscow) ; 
and the proper motions derived at McCormick Ob- 
servatory as well as the corrections for TiO absorp- 
tion derived by J. Gabovits (1936, Publ. Tartu Obs. 
28, Nos 545))h 

The absolute mean maximum magnitudes in 
column 6 of Table I were used to obtain the photo- 
metric parallax and tangential velocities for indi- 
vidual variables. These velocities were combined 
with the radial velocities (Merrill, 1941) which we 
corrected for galactic rotation. 

As the final results we obtained the mean velocity 
components 4, y, 2 along the three axes: x—in direc- 
tion of galactic rotation, toward longitude 58°, 
y—away from the galactic center, toward longitude 
148°, z—toward galactic N pole. These components 
are still referred to the sun. To refer them to the 
point of the most probable velocity, we add the 
components of the basic solar motion (Dyer, E. R., 
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TABLE I. 4 
No. 33 
Sub fof |. m r ak Av AM 
Grp Stars P max pc M Sp (TiO) cor 
1 14 131 7.76 770 —1.67 M1.9)) Olean 
2 29 176 47.83 1300 =—2.74 M2 jan 0e47 ee 
3 55 223 8:38 1250 —2.10 M3.7 -—=0270).—0 
4 65 273 8.18 1100 —2.03 M4.2 —0.87 —2m 
5 73° 324, 8.05 °625 —0.93 M5.3 =—1.32 —2/ 
6 42 376 7.69. 560 —1.05 M6.2 —1.8 — : 
i 23 419 +70 “400 —0.31 M6.5 —2.0 —2.. 
8 18 508 8.06 700 —1.17 M6.0 —1.65 —25 
E 26 404 7.75 700 —1.44 
Se "22> 304." 7278" 40 157 
1956, Astron. J. 61, 233), so that 
a=y—9.8 km/sec, 
b=4+10.2 km/sec, and 


c=2z+5.9 km/sec. 


In addition, the dispersion along the axis has bee 
computed. j 

The results outlined here will be published | 
Publications of the Leander McCormick Observator 
XI. We wish to express our appreciation to tl 
National Science Foundation for support. 


Outline of a Mechanism for the Emergence « 
Spiral Arms from the Nucleus of a Galaxy. Par 
Pismis, Tacubaya and Tonantzintla Observatorie 
—The formation of spiral arms as a result of eje 
tion of matter from a rotating galactic nucleus we 
discussed in a recent publication (Huang, S. S., an 
Pismis, P., 1959, Boletin Obs. Tonantz. Tacub. Ni 
19). However, no explanation was advanced f 
the mechanism of ejection and for its symmetr 
The attempt is now made to account for these. ~ 

(1) It is shown that the loss of matter from tk 
central region at the observed rate of about or 
solar mass per year may be partly replenished b 
the Population II stars which are in the stage « 
shedding material; 20% of these stars are probabl 
in transit through the nucleus. The infall of gas fro 
the corona must also be appreciable. 

(2) Assuming the central region in steady stat 
the kinetic energy lost through the outgoing matte 
should be replenished also. Part of this energy ma 
be provided by the Population II stars in particule 
by those that transit through with near-paraboli 
velocities. However, to account for the total loss < 
energy it is necessary to assume a high density ¢ 
cosmic ray particles. 

(3) The novel feature of the present report cor 
sists primarily in the hypothesis that the magneti 
field, expected to exist in the galactic nucleus, whet 
a nonthermal radio source is observed, is essentiall 
a dipole with its axis normal to the axis of rotatio 
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‘the galactic system. The influx of momentum, 
ttly as a result of (1) and (2), will force the gas 
expand. By theoretical arguments it is shown that 
» charged component of the gas will have prefer- 
ce to expand in the direction where the magnetic 
Id is weakest, dragging along the neutral com- 
ment. Thus the incoming excess matter will ex- 
nd through the polar regions of the magnetic 
Id, hence the emergence of spiral arms from two 
ametrically opposite regions. 


Masses of the Components of Zeta Aurigae. 
ANIEL M. Popper, University of California, Los 
ngeles—The masses of the components of the 
ell-known eclipsing system, Zeta Aurigae are re- 
vestigated by means of new spectrographic mate- 
al obtained expressly for the purpose. The critical 
lantity needed is the amplitude of velocity variation 
the B7V component, that of the K4II component 
ing known. (The spectral types are those of Well- 
ann.) The difficulty of mass determination lies in 
e circumstance that the lines of the B star are 
oad and badly distorted by the numerous sharp 
1es of the K star. 

The new material consists of 35 Mount Wilson 
ectrograms, dispersion 10 A/mm, strongly exposed 
the spectral region AA 3700-4000. Most of the 
yectrograms were obtained near times of the ex- 
emes of velocity variation. In order to calibrate the 
ethod of reduction, 26 composite spectrograms of 
ars of known velocity were used. Each of these 
ectrograms consists of the superposed spectra of 
vo stars of spectral types similar to the types of the 
ponents of Zeta Aurigae. The method of reduc- 
on involves the measurement on microdensitometer 
acings of the positions of numerous \metallic lines 
the K star relative to the broad hydrogen lines, 
ce, H9, H10, H12, H13, and H14, of the B star. 
The provisional resulting values of the masses are 
0 and 5.8 solar masses for the K star and B star, 
spectively. These results may be compared to the 
ost recently published evaluation (Wellmann, P., 
951, Astron. Nach. 279, 257) of 22.0 and 10.2 solar 
asses. The estimated mean errors of the masses 


15%. 


Stellar Motions in Spherical Galaxies. A. Po- 
epA, C. Cruz, AND G. BaTiz, Tacubaya and Tonant- 
mtla Observatories —The statistics of stellar orbits 
1 spherical galaxies has been investigated and the 
bservable consequences of several mixtures of cir- 
ilar orbits and radial oscillations have been com- 
uted for spherical galaxies. 

The starting point is de Vaucouleurs’ interpola- 
on formula for the projected brightness of an E, 
alaxy. From this, by integration, space densities 
nd potentials have been found (Poveda, A., Itur- 
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riaga, R., and Orozco, I., 1960, Boletin Obs. Tonantz. 
Tacub. No. 20) which in turn are used to compute 
space velocities for two separate cases: (a) circular 
orbits; (b) radial orbits. In this case, a knowledge 
of the distribution of apogalactic distances is needed ; 
the latter was derived from the present mass distri- 
bution. It was found that the space density of apo- 
galactic distances nowhere becomes negative and 
hence the hypothesis of radial motions cannot be 
ruled out on this account. 

For each of these two cases by further integrations 
the observed velocity dispersion was computed as a 
function of distance to the center of the image of a 
spherical galaxy. It was found, in the case of cir- 
cular orbits, that the velocity dispersion increases 
rapidly from zero at the center to a maximum value 
(whose magnitude, of course, depends on the mass 
and scale of the particular galaxy to be investigated) 
and then decreases slowly. On the other hand, radial 
orbits produce a maximum velocity dispersion at 
the center of the image which decreases rapidly with 
distance. 

In order that the observed velocity dispersion is 
kept constant, independent of distance to the center 
of the image, an approximate mixture of 83% cir- 
cular orbits and 17% radial orbits is required. 

As no obvious changes in the magnitude of the 
velocity dispersion have been reported, the previously 
mentioned mixture seems to be a close estimate to 
the truth. 

A corollary of this work is a formula which relates 
the mass of the galaxy to the scale and the observed 
velocity dispersion (as a function of distance to the 
center of the image). This relation offers a more 
accurate determination of masses of spherical gal- 
axies than those previously given. 


The Mass-Luminosity Ratio of the Local Clus- 
ter of Galaxies. A. Povepa, C. Cruz, AND G. BATIZz, 
Tacubaya and Tonantzintla Observatories —It is well 
known that the mass/luminosity ratio of clusters of 
galaxies is 2500; this has been interpreted as owing 
to expansion of the clusters, much like the expanding 
associations of stars in the galaxy. Therefore, a 
study has been made of the local cluster in the light 
of the previous considerations. 

We have assumed that the galaxies in the local 
cluster describe radial oscillations around the center 
of mass, which has been identified with M31, as it is 
the most massive member. With this model it is pos- 
sible to estimate from the observed radial velocities, 
corrected for galactic rotation, the space velocity rela- 
tive to the Andromeda Nebula. 

For the 13 galaxies investigated it was found that 
eight are receding from M31 and five are approach- 
ing it. This we take as a further indication that the 
cluster is stable and, therefore, not expanding; thus 
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an attempt to estimate the mass from the virial theo- 
rem is justified. 

If L, is the luminosity of the ith galaxy, V; its 
space velocity in kilometers per second, 7; the dis- 
tance in parsecs between the ith and the jth galaxies, 
and K the mass-luminosity ratio in solar units, then 
the expression for the virial theorem transforms into 


K=231 


Cats nam 


tJ Lo Lo V5 


where we have assumed the same M/L ratio for all 
the galaxies of the cluster. The luminosities have been 
corrected for galactic absorption with Shane’s recent 
value for the galactic extinction at the pole; further- 


more, the luminosity of the Andromeda Nebula was 


increased to account for self absorption. 

The value of K thus found was 26 with a mass of 
2.2410" o. 

This integrated M/L ratio of the local cluster is 
several times larger than the ratios for individual 
galaxies in our own vicinity, but considerably smaller 
than the values for other clusters. As the cluster 
seems to be stable, additional intergalactic mass must 
be present either in the form of ionized gas—as re- 
cently proposed by Kahn and Woltjer—or stars. 


21-Cm Absorption Studies of Galactic Radio 
Sources. V. RADHAKRISHNAN AND J. G. BOoLton, 
California Institute of Technology.—A study is being 
made at the Cal Tech Radio Observatory of the 
21-cm absorption features in the continuum radiation 
from discrete galactic sources. Earlier investigations 
[Hagen, J. P., -Lilley, A. BE, and McClain; Eo -r., 
1957, [AU Symposium No. 4 on Radio Astronomy 
(Cambridge, England), p. 80; Davies, R. D.,,/ and 
Williams, D. R. W., ibid., p. 71; Muaaller)G. vAc: 1958, 
Proc. URSI- LAU; "Radio Astron. Symp. (Paria), 
Paper 69] have clearly demonstrated the efficacy of 
absorption measurements in determining the fine 
structure of the distribution of neutral hydrogen in 
the galaxy. In addition to the higher resolution ob- 
tainable with the absorption method when the angular 
size of the source is smaller than the antenna beam- 
width, it is also possible to detect the presence of 
cold dense concentrations of hydrogen that do not 
contribute substantially to emission profiles. 

A frequency-switched radiometer with a 7 kc/sec 
bandwidth was used with a 90-foot equatorially 
mounted - paraboloid. The sources observed were 
Cas A, Taurus A, the Orion Nebula, M17, W51, 
W75, and Vela X. The first three are among those 
investigated by Muller (1958) and a comparison 
of our results with his shows excellent agreement in 
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the radial velocities of the main features. The bi 

feature at +3.5 km/sec in Muller’s spectrum for Te 
rus A, which he suspected of being a blend, sho 
splitting in our profiles. There are minor discrepé 
cies in the computed optical depths for some of | 
features, but this may not be significant as the ac 
rate intercalibration of the liné and continuum te 


errors. 

Of the four new sources, M17, W51, and W 
show substantial absorption. Vela X also appears 
have absorption features in its spectrum, but 
large angular size (~3°) and low antenna temp 
ture of the source make it difficult to separate 1 
certainty absorption features from the variations 
the background 21-cm emission. With improved > 
ceiver sensitivity, further observations on the ht 
dred or so galactic sources known will increase ex 
siderably our knowledge of their distances and 
the fine-structure parameters of the interstel 
medium. 

This work was supported by the United Sta 
Office of Naval Research under contract. | 

Polarization and Angular Extent of the 9 
Megacycle Radiation from Jupiter. V. RapH 
KRISHNAN AND J. A. Roperts, California Institt 
of Technology—Observations at 960 Mc of 
polarization and angular extent of the radio sout 
associated with Jupiter have established the exister 
of a radiation belt several times the size of the plan 
The radiation is strongly linearly polarized wi t 
electric vector in the equatorial plane. 

The nonthermal component of the high tres 
radiation from Jupiter was discovered by Sloanal 
[McClain, E. F., and Sloanaker, R. M., 1959, Pr 
URSI-IAU, Radio Astron. Symp. (Paris, 1958 
61; Mayer, C. H., 1959, Astron. J. 64, 43] at 10% 
in 1958. Subsequent observations by others (Rober 
J. A., and Stanley, G. J., 1959, Publs. Astron. S 
Pacific 71, 485; Drake, F. D., and Hvatum, I 
1959, Asiron z 64, 329) led tothe suggestion | 
Drake (1959) that the planet might have a belt 
magnetically trapped electrons similar to the eartl 
“Van Allen” belt. The observations reported he 
were made at the Cal Tech Radio Observatory 
April 1960 and amply confirm this hypothesis. 

The instrument used was an interferometer cot 
prising two steerable 90-foot paraboloids on railro 
tracks, together with a highly sensitive receiving s} 
tem. Both antennas had rotatable feeds—one m 
torized—permitting polarization measurements. T 
instrumental polarization was below one percent. F 
the integration times used, the receiver sensitivi 
was approximately 0.5x10-°° wm? (c/s), i 
one-tenth of the maximum intensity of Jupiter. 


The antenna separation could be varied in steps 
fing fringe spacings from 18 to 2.2 minutes of arc. 
'a number of intermediate fringe spacings the in- 
isities in different planes of polarization were 
sasured. The maximum intensity obtained was with 
2 electric vector in Jupiter’s equatorial plane 
F12°), and this intensity fell off more rapidly 
h decreasing fringe spacing than the orthogonal 
mponent, thus revealing stronger polarization in 
3 E-W limbs of the radiating region. Two different 
sthods of measuring the percentage polarization of 
2 unresolved source gave means of 30 and 20%, 
spectively. In the absence of satisfactory theoretical 
dels for the radiation belt, a comparison of the 
tained amplitude-spacing curves: was made with 
se expected from some simple intensity distribu- 
ns. All of these indicated a diameter in excess of 
of arc or three planetary diameters. 

This work was supported by the United States 
fice of Naval Research under contract. 


The Production of Organic Molecules in Plane- 
-y Atmospheres. Cary Sacan, Yerkes Observa- 
y, University of Chicago, Williams Bay, Wis- 
asin.—It is now well known that when energy is 
plied to a mixture of hydrogen, methane, and 
monia, or of hydrogen, methane, ammonia, and 
ter vapor, organic molecules are produced. Both 
ctric corona discharge and ultraviolet light, which 
ve been successful as laboratory energy sources, 
» available in planetary atmospheres. Since hydro- 
1, methane, ammonia, and water vapor are the four 
st abundant reactive molecules in cold nondiffuse 
ronomical objects, it is probable that organic 
lecules are being produced in the solar system 
lay, especially in the Jovian planets. For an or- 
lic molecule to be synthesized by solar ultraviolet 
at in a planetary atmosphere, and to avoid subse- 
snt photolysis, the time for diffusion to depths 
ically thick in the photodissociating ultraviolet 
st be exceeded by the time between successive 
orptions of photodissociating photons. From this 
dition, the experimental quantum yields of Groth, 
1 recent theories of solar evolution, rates have been 
imated for the net production of organic com- 
inds in the contemporary atmospheres of the 
rian planets, and in the primitive reducing atmos- 
‘res of the terrestrial planets. The total surface 
sities of synthesized molecules during the life- 
es of these atmospheres are of the order of 1000 g 
*. Applications are made to the origin of life on 
th, the reduced carbon fraction of the terrestrial 
st, Sinton’s identification of hydrocarbons and 
ehydes on Mars, the discovery of complex organic 
tter in carbonaceous chondrites, and the composi- 
1 of comets. The spectra of some of the more abun- 
it synthesized molecules are described. An infra- 
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red spectrophotometric tracing of Jupiter by Kuiper 
shows a feature near 1.53 which is tentatively at- 
tributed to HCN. 


Molecular Synthesis in Simulated Reducing 
Planetary Atmospheres. Cart Sacan, Yerkes Ob- 
servatory, University of Chicago, Williams Bay, 
Wisconsin, AND STANLEY L. MILLER, School of 
Science and Engineering, University of California, 
LaJolla, California—Corona discharges have been 
applied to simulated reducing planetary atmospheres 
in an attempt to identify the most abundant stable 
compounds produced in the gas phase at room tem- 
perature. One mixture contained approximately equal 
amounts of hydrogen, methane, ammonia, and water 
vapor, and was intended to roughly reproduce the 
primitive atmospheres of the terrestrial planets. A 
second mixture contained hydrogen, methane, and 
ammonia in the proportions 30:3:1, and was in- 
tended to roughly reproduce the present Jovian 
atmosphere above the cloud layer. Extracted gas 
samples were analyzed by infrared and mass spec- 
trography. Among the molecules which have been 
tentatively identified as being produced in both 
mixtures are ethane, ethylene, acetylene, hydrogen 
cyanide, and acetonitrile. In addition formaldehyde 
was produced in the experiment when water vapor 
was present. The production of these molecules in 
the simulated Jovian atmosphere disproves the asser- 
tion frequently encountered in the astronomical lit- 
erature that more complex molecules cannot be pro- 
duced from methane and ammonia in an excess of 
hydrogen. The possible presence of acetylene on 
Jupiter is exceptionally interesting because acetylene 
is known to explosively polymerize in the conditions 
of the Jovian atmosphere, forming a variety of com- 
pounds of high molecular weight, many of them 
brightly colored. The possibility of chemical reac- 
tions contributing to the Jupiter radio noise and of 
organic molecules explaining the coloration of the 
Jovian cloud layer are discussed. Pyrroles, purines, 
and pyrimidines—compounds of considerable bio- 
logical interest—can under suitable conditions be 
synthesized from the products of these experiments. 
It has previously been shown that amino acids are 
produced by sparking a mixture of methane, am- 
monia, and water. 


Mass Motions in the Atmosphere of Rho Cas- 
siopeiae. WALLAcE L. W. Sarcent, Mount Wilson 
and Palomar Observatories —A study has been made 
of several 4.5 A/mm and 10 A/mm coudé plates of 
p Cas, obtained at Palomar between 1955 and 1960. 
The phenomenon of line doubling reported by W. P. 
Bidelman and A. McKellar (1957, Publs. Astron. 
Soc. Pacific 69, 31) has persisted. An examination of 
about 150 doubled lines between A4000 and A6800 
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shows that they all arise from lower levels with 
excitation potentials less than about 2.5 v. From 1955 
to 1958 the position and appearance of the short- 
ward components, attributed to an expanding shell 
surrounding the star, were unchanged. In 1959 the 
velocity of the shell relative to the star increased 
from 38 km/sec to 43 km/sec, while the “shell” com- 
ponents of the doubled lines became weaker and 
sharper. 

The Caz 46573 emission and Ha emission abacrved 
by Bidelman and McKellar (1957) have continued. 
In addition the intercombination lines of Fei, multi- 
plets 12, 13, and 14, have been observed in emission 
in the red and infared. Estimates of the mass and 
radius of the shell have been obtained from photome- 
try of the emission lines and the shell components 
of the double absorption lines. The radius of the shell 
is less than 4000 Ro (about 10 times that the star) 
and a minimum value of the mass is 10° g 

Large-scale and small-scale turbulent velocities uv, 
and vs in the shell and the photosphere have been 
obtained using both the curve of growth and the 
method of S. S. Huang and O. Struve (1955, Astro- 
phys. J. 121, 84). The turbulent velocity v, in the 
shell is 8 km/sec, while in the photosphere the values 
of vs for Fer range from 10.4 km/sec for zero-volt 
lines to 6 km/sec for four-volt lines. The values. of 
Ue are higher, about 18 km/sec. 


Local Magnetic Fields above Sunspots. HeEr- 
MANN U. Scumipt, High Altitude Observatory, 
University of Colorado (introduced by R. Grant 
AtTHaAy).—The stationary magnetic field above a 
sunspot group is approximately force free; as long as 
the magnetic energy density exceeds the gas pressure. 
Every force-free field configuration lying above the 
photospheric level and limited by field lines crossing 
the photosphere is uniquely determined by. the field 
distribution in the photosphere, as in the case of a 
potential field. The boundary. condition for potential 
fields in such a surface distribution, 


0B, /dx = dB./dy, 


is abandoned for force-free fields. Visual structures 
in a sunspot as well as in limb prominences may be 
connected with the deviation of the actual force-free 
field from a potential field. A model, which may be 
typical for a force-free field configuration above a 
sunspot pair, is constructed. 


A Small Computer for Astronomical Data Re- 
duction. Danie H. Scuutte, Kitt Peak National 
Observatory (introduced by Hetmur A. Axsr).— 
This observatory has recently added a Royal-McBee 
electronic computer to its research facilities. The 
machine, while relatively small and inexpensive, has 
thus far proven adequate for the data reduction en- 
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countered in many observational astronomy progran 
that would otherwise not justify the use of a lar 
computer. Brief descriptions of the reduction pri 
grams follow; they have been developed as the ne 
for them arose and are indicative of the fields 
interest prevalent at the Observatory. | 

The programs now receiving the most use are tho 
for the reduction of photoelectric photometry obse 
vations ; three- and‘four-color versions are availab! 
At present all preparation of data for input to tl 
machine is done by hand; the observed quantities a 
entered on punched paper tape by means of a norm 
typewriter keyboard. Once the data tape is prepare 
reduction of the observations to the final U, B, V sy 
tem (for instance) can proceed at the rate of o1 
night’s observations per hour or so. This includ 
least-squares solutions for extinction and transfe 
mation coefficients, from standard-star observatior 

Another program has recently been devised i 
calculating corrections to the six elements of a spe 
troscopic binary orbit, using Schlesinger’s lea: 
squares method. The execution time for this progre 
is about 30 minutes, for a set of 20 observatiot 
It is therefore possible to start with elements whi 
are considerably in error, since it is a simple matt 
to rerun the program a second or third time, un 
the residuals become acceptably small. 

Specialized computational programs have been a 
will be developed in connection with the requit 
ments of visiting astronomers using the Kitt Pe 
telescopes in order that the telescopes can be us 
for a maximum productivity. 


A Spectrogfaphic Study of Early-Type Stz 
near the North Galactic Pole. ARNE SLETTEBA 
Perkins Observatory—A few years ago, a findi 
list of stars of spectral typé F2 and earlier in 
north galactic-pole region was prepared by Slettek 
and Stock (1959, Hamburg Obs. Publ., Hambui 
Bergedorf) from objective prism spectrograms tak 
with the Hamburg Schmidt telescope. Subsequent 
slit spectrograms of 84 of these stars were tak 
with the Mount Wilson 60-inch and 100-inch te 
scopes in the spring of 1958 in order to obtain sp 
tral types, axial rotation velocity estimates, and » 
dial velocities. In addition, UBV observations 
most of these stars were made by Bahner and Stc 
at the McDonald Observatory in the spring of 19 

A number of subdwarfs in the spectral range B 
were found. To a limiting photographic magnitude 
11.5, however, the large majority of the stars ; 
Population I objects. Two interesting results w: 
obtained for the latter: 

1. Metallic-line stars represent a larger percente 
of early-type stars at high galactic latitudes than 
the neighborhood of the sun. Considering all galact 
pole stars with K-line types between A2 and A7, 6« 


| 21 in the magnitude range 8.0-11.5, and 12 out 
| 31 in the magnitude range 6.0-11.5 are mietallic- 


| 


ae stars. These figures represent 29 and 39%, re- 
ectively, of stars with equivalent K-line types, as 
‘mmpared with 15% for stars in the neighborhood 
it the sun. 

| 2. Axial rotation appears to be less at high galactic 
titudes. Eighteen normal AO-A7 V galactic-pole 
jars in the magnitude range 8.0-11.5 have a mean 
‘sin 7 of 85 km/sec, as compared with 138 km/sec 
be 99 AO-A7 V stars in the neighborhood of the 
in. This result is only tentative, however, because 
£ the small sample and the low dispersion employed. 
This work was carried out with the help of a 
National Science Foundation grant. 


Orientation and Units of Length in Aztec and 
Mayan Pyramids. CHartes H. Smitey, Brown 
Jnwersity—Early in 1957, the orientations of six 
yramids near Mexico City were determined, princi- 
ally by noting a time when the sun was in the plane 
f a particular wall. The small differences among 
ome of the individual azimuths indicated an orderly 
rogression, probably associated with the dates of 
onstruction. 

Recalling that the Aztec and Mayan number sys- 
sms apparently did not include fractions, it appeared 
kely that the principal dimensions of pyramids 
ould represent integral numbers of units of length. 
everal pyramids were measured, and the ratio of 
wo dimensions of a single pyramid was expanded in 

continued fraction and successive convergents 
valuated. The assumption that the unit of length lay 
etween six and thirty inches was often enough to 
llow a unique determination of the unit. For four 
f the pyramids near Mexico City a unit about 11.2 
wches appeared probable. 

The work was later continued at Monte Alban and 
fitla, and in December 1959 was extended to thir- 
sen. Mayan pyramids in Yucatan, particularly at 
hichen Itza and Uxmal. In the latter work, im- 
roved methods of determining azimuths were used. 
Vhen a definitive correlation between the Mayan and 
1e Christian calendars is determined, the significance 
f the orientations should be clear, and probably 
onversely. 


Fine-Structure of Jupiter’s 20-Megacycle Noise 
torms. Hartan J. Situ, Barry M. LAsKeER, 
ND JAMES N. Douctas, Yale Observatory—A 10- 
mannel comb-filter dynamic spectrum analyzer at 
ale Bethany Observing Station employs 17-ke band- 
idth channels spaced at approximately 100-ke in- 
tvals, centered on 22 Mc; recording is at three 
eeds, including one with resolution times up to 
01 sec. Analysis of several strong Jupiter storms 
om March through May of this year has given 
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some detailed information on the nature of the ele- 
mental bursts which appear to compose most, if not 
all, of the Jupiter storms. 

The bursts have characteristic profiles usually 
triangular in outline, total durations averaging 
about 0.7 sec with peak energies of the order of 
10°? w m-? eps and a pronounced tendency to come 
in groups. An individual burst seems to be rather 
sharply tuned, having a half-power bandwidth typi- 
cally of the order of 2 Mc. For the entire frequency 
range over which it can be heard, a burst is simul- 
taneous within the power of our equipment to meas- 
ure. The bursts which comprise the groups normally 
have the same amplitude-frequency distribution, so 
that the entire group shows no pronounced drift with 
time. We have one clear-cut instance of a burst- 
group drifting from high to low frequency at a rate 
of about 4 Mc/minute; even here the individual 
bursts composing the group had no drift. 

The possibility that ionospheric scintillation pro- 
duces at least some of the apparent burst structure 
cannot be ruled out at present. 

This work was supported by Research Corporation 
and NSF grants. 


The Utilization of High-Altitude Balloons for 
Astronomical Observation Stations. James R. 
Smitu, Raven Industries, Inc., South Dakota.—On 
several recent projects high-altitude plastic balloons 
have been used to carry telescopes and other astro- 
nomical equipment. The ability of such balloons to 
serve as stratospheric observation stations is re- 
viewed. 

Currently, maximum payloads of 2500 to 3500 Ib 
are being lifted successfully. By using the largest 
balloons available, such loads can be carried to alti- 
tudes in excess of 100000 ft. It is suggested that 
smaller balloons (perhaps 2 million cubic ft rather 
than 10 million cubic ft) will serve reliably to carry 
astronomical loads to 80000 ft without coming un- 
duly near the prove limits of balloon operation. 

A major limitation to the utilization of balloon- 
borne equipment has been the fact that surface wind 
conditions are often too strong to permit launchings 
at will. Encouragement is seen in the report from 
Holloman Air Force Base in southern New Mexico. 
Here local wind effects have been studied for a 
number of years, and satisfactory balloon launching 
conditions are believed to exist on more than 80% 
of all days. 

Problems of stability, orientation and control dur- 
ing flight are being successfully overcome by newly 
developed instrumentation. It may be expected that 
serious efforts to develop a balloon observatory will 
result in a tool whose availability for use may be 
closely comparable to that of a terrestrial observa- 
tory. The direct and indirect costs of working from 
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a stratospheric platform must be balanced against the 
benefits to be gained in each specific program. 


The 60-inch Astrometric Reflector of the U. S. 
Naval Observatory. K. Aa. Stranp, U. S. Naval 
Observatory.—The urgent need for a telescope for 
astrometric work of high precision such as trigono- 
metric parallaxes of stars too faint to be observed 
with existing refractors has been emphasized at sev- 
eral international conferences over the past five years. 

In the fall of 1959 funds were made available by 
the Navy Department for engineering studies of a 
60-inch astrometric reflector. 

In July of this year Congress appropriated $1.9 
million for the construction of the telescope and the 
dome building with annex to be located at the Flag- 
staff Station of the U. S. Naval Observatory. 


The telescope will have a free aperture of 60 


inches and a focal length of 50 feet. 

To ensure utmost stability in the optical system, 
a folded system will be used, with a flat secondary 
35 inches in diameter reflecting the light through the 
center perforation of the primary. A collimation 
system for quick alignment of the optics will be 
incorporated. 

To, avoid deleterious temperature effects both mir- 
rors will be of fused silica which has a coefficient of 
expansion of 16% of that of Pyrex. 

The telescope tube structure will be exceptionally 
rigid and mounted in a fork with an oil pad bearing 
of the polar axis. 

Present engineering design includes instrumenta- 
tion for automatic photoelectric guidance, and auto- 
matic exposure timing and plate transport. 

The telescope will be mounted 41 feet above the 
ground in a circular building with a dome 65 feet in 
diameter. The dome will have double walls separated 
by insulation and air space. __ 

The approximate exposure time for an 18th mag- 
nitude star will be 8 minutes. The uncorrected field 
will have astrometric precision over a 22’X22' field 
and the scale on the photographic plate will be 
Amo 1 3, 


The Photoionization Cross Section of Negative 
Hydrogen. THomas L. Swinart, Los Alamos Sci- 
entific Laboratory, Los Alamos, New Mexico.—The 
calculations of Bransden, Dalgarno, John, and Seaton 
(1958) indicate that the bound-free absorption cross 
section of the negative hydrogen ion as given by 
Chandrasekhar and Elbert (1958) is too large at 
3000 A by about 20%. The error should decrease at 
longer wavelengths. The purpose of the present in- 
vestigation is to test the indicated change in the H- 
absorption coefficient by means of model atmospheres. 

Although the sun can be observed in much greater 
detail than other stars, it is a poor object to use in 
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the present case. The reason is that the rather larg) 
and poorly known blanketing corrections tend i ty 
mask the effects under consideration. Thus stars 


stead. The decrease in the H- absorption does i " 
prove somewhat the fit of model atmospheres wi 
observation of the energy distribution of metal 
deficient stars. 


| 
Slow-drift (tyes II) Radio Bursts from th 
Sun. A. R. THompson anp A. MAXWELL, Hara 
Radio Astronomy Station, Fort Davis, Texas= 
Slow-drift (Type II) solar radio bursts are charac 
terized as a band of emission which drifts steadih 
from high to low frequencies in the meter wave range 
The bursts are attributed to a disturbance movin; 
outwards through the solar corona with a velocit 
of about 1000 km/sec. The velocity is deduced fron 
a model of the solar atmosphere in which the electro: 
density is increased by a factor of almost 10 ove 
that usually given for the quiet corona. This hig 
electron density is supported by direct measureme 
by other workers of the height in the corona at whid 
various radio frequencies are emitted. It is suggeste 
that the disturbance responsible for slow-drift burst 
takes the form of a longitudinal shock wave. Nearh 
all slow-drift bursts are associated with flares am 
about 25% of them are accompanied by continuut 
(Type IV) radiation. 
i 
The Radial Velocities of Galaxies in the Virg 
Cluster. SIDNEY VAN DEN BercH, David Dunla 
Observatory.—It is found that the radial velocitie 
in the Virgo Cluster do not deviate significantly frot 
a Gaussian distribution. However, reasonable as 
sumptions regarding the mass to luminosity ratios ¢ 
galaxies indicate that there is no equipartition ¢ 
energy between cluster members, i.e., the velocil 
dispersion is the same for galaxies ‘of large at 
small mass. The analysis of the velocity differeice 
between members of close pairs indicates that mam 
close pairs in the Virgo Cluster form stable binar 
systems. Application of the method developed 
Page (1952) to the close binaries in the Virg 
Cluster yields a mass to light ratio 


M/L<<280, 
which is considerably smaller than the value 
M/L=700, 


which is obtained from the virial theorem under tk 
assumption that the entire mass of the cluster is i 
the form of visible galaxies. Although the number ¢ 
multiple galaxies in the Virgo Cluster, for whic 
velocity data are available, is small, the differenc 
between the mass to light ratios obtained from mu 


dle galaxies and from the virial theorem is possibly 
gnificant. 


A Curve of Growth Analysis of the Circum- 
tellar Envelope of Alpha Orionis. Ray Wey- 
ANN, California Institute of Technology—Alpha 
‘rionis shows perhaps the strongest set of violet- 
isplaced absorption cores of strong resonance lines 
thich have been shown by Deutsch to be common to 
{l luminous, sufficiently late-type stars, and which 
ave been interpreted as evidence of general mass 
jection in this part of the H-R diagram. 

On recent high-dispersion spectrograms, displaced 
ores have been found for at least 16 elements, aris- 
ag from low-lying metastable levels which have E.P. 
rom 0.00 up to 1.5 ev. An “effective continuum’’ is 
efined by supposing the photospheric component to 
ave a symmetric profile, and equivalent widths 
lown to about 25 mA are measurable. Stromgren’s 
urve of growth is used to estimate the number of 
toms in the line of sight. Assuming the abundance 
atios to be those recently given by Aller, one finds 
Y= 10??/cm?. With the observed mean velocity of 
~10 km/sec, and the assumption of a constant-veloc- 
y spherically symmetric steady flow, the rate of 
aass loss is > 10% g/sec. 

The physical conditions in the envelope as deduced 
rom the level of ionization and excitation are briefly 
iscussed and the possible relevance of this work to 
he problem of the mechanism responsible for the 
jection is mentioned. 


On the Structure of the Cometary Nucleus. 
RED L, WHIPPLE, Smithsonian Astrophysical Ob- 
ervatory and Harvard College Observatory—A 
tudy of our cometary knowledge indicates that a 
omet must have a nucleus with some internal rigid- 
y, provided with a greater source of gaseous mate- 
lal than is possible by adsorption or other gaseous 
ttachment processes. The gravitationally incoherent 
1odel of a comet as presented by Lyttleton is shown 
) be inadequate as is his process of condensing 
ometary material from interstellar matter by the 
cusing effect of the solar gravitational field. 

The icy comet model accounts well for the major 
ometary features but does not adequately account 
9r cometary bursts at great solar distances, as in 
ne case of Comet Schwassman-Wachmann. 

Some meteoric evidence points to “new” comets, 
1 the Oort sense, as containing material of very low 
ensity, like icy “feathers,” as contrasted to fairly 
igid relatively dense particles from the central por- 
ions of the nuclei of extremely large and old comets 
uch as Comet Encke. 

The detailed structure of the cometary nucleus 
vill probably not be clearly known until samplings 
ave been made by space probes, an experiment to be 
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anticipated with extreme interest as our Space- 
Science Program progresses. Studies of micromete- 
orites may, however, give important clues. 


Slow-Drift Solar Radio Bursts: Harmonic Fre- 
quency Ratios, Frequency Drift Rates, and Solar 
Longitude Variation. Marion B. Woop, National 
Bureau of Standards, Boulder, Colorado.—Second 
harmonic to fundamental frequency ratios yield a 
mean value less than 2 when measured at the low 
frequency edges of slow-drift radio bursts, whereas 
the mean value of the high frequency edge ratios is 
2.00. No significant solar longitude variation is found 
in either the number of bursts occurring or in the 
harmonic frequency ratios; further, fundamental 
bands do not drop out with increasing solar longi- 
tude. No definite relation is found between rate of 
frequency drift and subsequent geomagnetic dis- 
turbance. 


A Search for C*\N* (0,0) Band Features in the 
Far-Infrared Spectra of Some Cool Carbon Stars. 
ARNE A. WYLLER, Geophysics Research Directorate, 
Air Force Research Division, Bedford, Massachu- 
setis—In the present study a comparison has been 
made between the rotational fine structures of cer- 
tain CN bands in the spectra of the “C** poorer” 
carbon star 19 Psc, (NO,C6,), and the “C** richer” 
star Y CVn, (N3,C5,). Previous work on the C*# 
abundances in carbon stars depended mainly on the 
utilization of the C, Swan bands. The C**C** (1,0) 
band at 44752 shows strongly in Y CVn, but very 
weakly in 19 Psc. Independent determinations by 
J. O. Climenhaga [1960, Publ. Dominican Astrophys. 
Obs. 11, No. 16 (in press) ] and A. A. Wyller (1959, 
Astron. J. 64, 57) concur that for 19 Pse the C1#/C* 
ratio is at least 10:1. 

Present evidence from high dispersion (10 A/mm) 
Mt. Wilson material indicates that the C1°N** (0,2) 
head at A4588.3 is also clearly present in the spectrum 
of Y CVn, but very weak or absent in that of 19 Psc. 

Medium dispersion (31 A/mm) Mt. Wilson IZ- 
plates of 19 Psc and Y CVn do not convincingly 
reveal corresponding C*N** (0,0) features around 
10900. The dispersion allows a detailed examina- 
tion of the rotational fine structure, utilizing the 
recent analysis of the (0,0) red CN band by Rigutti 
(McKeller, A., and Richardson, E. H., 1954, Contrib. 
Com. Astrophys. Obs. No. 39). There is little or no 
differentiation between the general intensity variation 
of this band structure in the spectra of 19 Pse and 
Y CVn. This is contrary to the observed intensity 
differences in the isotopic (0,2) violet CN band for 
the two stars. 

The blue continuum absorption is markedly 
stronger in Y CVn than in 19 Psc (Rigutti, M., 
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1959, Mem. Soc. Astron. Ital. XXX, 3-4) and may 
be related to the clear occurrence of the isotopic 
(0,2) violet CN band in Y CVn. The appearance of 
this band may not then necessarily indicate a higher 
abundance of C™ in Y CVn than in 19 Psc. 


Characteristic Dimensions of Cosmic Aggre- 
gates of Matter. F. Zwicxy, Mount Wilson and 
Palomar Observatories—If matter were made up of 


gravitating immutable particles, there would be no_ 


characteristic aggregates like stars and galaxies, but 
only swarmlike formations of matter whose distribu- 
tion in sizes would be continuous and would depend 
on the average kinetic energy per gram of matter in 
the universe. 

Because atoms consist of nuclei and electrons which 
react with one another and radiate, characteristic ag- 


gregates of matter are formed. Thus stars cannot 


grow beyond a certain size. They become unstable 
because of the effects of nuclear reactions. Likewise, 
galaxies cannot grow indefinitely because destructive 
effects limit the size of their nuclei. Indeed, within 
a nucleus of diameter d and containing per unit vol- 
ume m stars of average absolute luminosity L, the 
radiation density will be of the order of n L d/c, if 
no gases or dust are present. This density, for in- 
creasing values of d and n, will become so large, 
particularly with gas and dust present, that it will 
cause the stars within the nucleus to “evaporate.” 
This, incidentally, may also explain the steady outflow 
of gas from the nuclei of our galaxy and of Messier 
31, this outflow being compensated by a continuous 
capture of stars from the outer regions of the galaxies. 

Clusters of galaxies are also limited in size because 
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galaxies disrupt each other and the cluster losse: 
mass by ejection of stars, dust and gas. 

Going up the scale, the fact that clusters of clusters 
of galaxies do not exist might be caused by destruc 
tive effects as yet unrecognized, but the nonexistenes 
of clusters of clusters of galaxies, however, is ma 
likely due to a breakdown of Newton’s law of gray 1 
tation. : bY 


Report on Supernovae. F. Zwicxy, M. L. Hy 
MASON, AND H. S. Gates, Mount Wilson and Palo 
mar Observatories —A vigorous cooperative searcl 
for supernovae has been organized during the pas 
few years including the Palomar and Steward Ob 
servatories, as well as the observatories in Berne 
Switzerland and Meudon, France. The program it 
the United States is supported by a grant from th 
National Science Foundation. ‘ 

About 20 supernovae have been found during th 
renewed search, confirming the general results de 
rived from the original Palomar program of 193 
1942. 4 

Valuable results have been obtained on the genera 
frequency of supernovae, on their occurrence 
locations in.the various structural types of galaxie 
on their spectra and their light curves, which ever 
tually should aid in interpreting the fundamental phe 
nomena involved in supernova outbursts. A speci 
effort has been initiated with the 48-inch and t 
200-inch telescopes to find supernovae in very distan 
clusters of galaxies for the purpose of establishing] 
more reliable distance scale. q 
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Megheny Observatory, University of Pittsburgh, 
Pittsburgh, Pennsylvania 


Personnel. The Observatory has suffered a great 
ss in the death, June 12, of Mrs. Bertha Grier 
rissman. Mrs. Crissman was associated with the 
‘bservatory most of the time since 1919. Her chief 
ork was in the field of stellar parallax measurement 
ad reduction to which she was introduced by Frank 
chlesinger and Keivin Burns. Since she worked so 
mg at the observatory where the most parallax 

lates have been measured, her total of about 15 000 
lates measured may well be a record. About one- 
uarter of the 2000 Allegheny parallaxes were hers, 
) that much credit for the quality of Allegheny 
arallaxes is due to her efforts. 

Wagman continued to observe with the Thaw 
elescope along with amateurs W. A. Feibleman, 
V. K. Hartmann, D. J. Peart, R. L. Scherer, and 
r. A. Winterhalter. Kiewiet de Jonge and Beardsley 
perated the Keeler telescope. 

Continuing on the staff were Mrs. Julia T. Martin, 
ecretary and assistant, James C. Hunter, Jr., com- 
uter, Alfred Graziani, machinist, and Joseph 
ficklos, custodian. 

Lecturers for the Frick Public Evenings were 
), J. Peart, G. F. Swetnam, Jr., J. J. Mullaney III, 
.. D. Blaugher, and G. A. Doschek with R. A. 
schmidt, Carl Kamper, and Edward Stehle assisting. 

Summer assistants were Beth Beyer and W. K. 
Tartmann. 

Thaw Refractor. Plate production in the astro- 
1etric programs was well below normal for the third 
uccessive year. Plates numbered 1008 during 285 
ours on 106 nights. Observations were made on 91 
venings and 54 mornings. On 39 of the nights both 
vening and morning plates were obtained. 

The number of parallax plates measured was 715. 
Yhese included 44 plates of Ross 808, a 14th mag. 
yhite dwarf, and 59 of Ross 640, a 13th mag. white 
warf. Most of the white dwarf plates were measured 
y Pitt students J. J. Mullaney III and J. F. Kul- 
vicki III under a grant from the NSF. 

Mrs. Crissman (Astron. J. 65, 106, 1960) pub- 
shed the parallaxes of 55 stars and left 30 unpub- 
shed. Star number 1866 in the published list is « Cas, 
‘suspected spectroscopic binary. The unusually large 
robable error of the parallax, +0.”011, is due to a 
end of about 0.12 in the curve of residuals over the 
ears 1930 to 1956 during which the 42 plates were 
aken. 

Keeler Reflector. In the past 14 months, during 
yhich the long-range program of observations of 
pectroscopic binaries with the one-prism Mellon 
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spectrograph has been started, 37 test plates and 84 
stellar spectrograms were taken on 31 nights. 

A semi-automatic projection comparator, designed 
by Kiewiet de Jonge and Beardsley, has been made 
in our shop. Work has gone forward on an exposure 
meter and other accessories. 

Miscellaneous. Beardsley used the IBM 650 to cal- 
culate theoretical line profiles of p Cas, 8 CMa, and 
y Cyg. Curve of growth analyses were completed for 
the first two. Beardsley organized and trained a team 
of 15 amateurs who participated in the Air Force 
Triangulation Flare Rocket test the night of 
March 22. 

The University was host to the 105th meeting of 
the American Astronomical Society in April during 
the centennial year of the founding of Allegheny 
Observatory. 

There were 3740 visitors on 131 nights and 1441 
day visitors in 96 groups. Dr. John S. Hall spent two 
days at Pitt in the NSF-sponsored “Program of 
Visiting Astronomers.” 

One graduate and two introductory courses were 
offered during the first two trimesters at Pitt. About 
AO students participated each trimester. Kiewiet de 
Jonge taught a one-semester course to 27 students at 
Chatham College. 

N. E. Wacman, Director 


Amherst College Observatory. Amherst, Massa- 
chusetts 


Amherst College, Mt. Holyoke College, Smith Col- 
lege, and the University of Massachusetts have 
formed a joint department of astronomy. Operation 
as a joint department became effective beginning with 
the second semester of the 1959-60 academic year. 
Each separate institution will continue to maintain its 
separate observatory, including the library and other 
facilities for research and elementary instruction. For 
academic purposes, astronomers at all four institu- 
tions are considered members of a single department, 
and all astronomers are listed in the catalogue of each 
institution. Elementary astronomy classes continue to 
be given on the separate campuses, but all advanced 
astronomy courses are being taught jointly. This 
arrangement is possible since the four institutions are 
within 20 minutes’ driving time of each other. 

Individual staff members can conduct research pro- 
grams at other observatories during the academic 
year by arranging for other astronomers in the de- 
partment to substitute in the classroom, 

The members of the department are: Associate 
Professors Albert P. Linnell and Kenneth M. Yoss; 
Assistant Professors Robert F. Howard, Robert H. - 
Koch, and Edward C. Olson. Their locations are: 
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Amherst College, Koch and Linnell; Mt. Holyoke 
College, Yoss; Smith College, Olson; University of 
Massachusetts, Howard. 

Equipment and facilities. The observatory building 
at Smith College has been razed to allow construction 
of a new classroom and office building on the same 
site for general college use. The astronomy depart- 
ment occupies temporary quarters in the physics 
building pending construction of a new science build- 
ing. The 11-inch refractor will be offered for sale, and 
we expect to replace it with a modern 16-inch re- 
flector. The 6-inch refractor and 3-inch Ross camera 
continue to be available for student use. 

Mt. Holyoke College has undertaken an extensive 
rehabilitation of its observatory. An 8-inch reflector 
and a mounting designed to accommodate a 12-inch 
reflector have been ordered. 

Mr. Alton Miller of Boston has presented his 20- 
inch reflector to the University of Massachusetts. 

Mr. John G. Kirk completed an attachment for the 
Amherst 4-inch Ross camera to hold a Bausch and 
Lomb transmission grating. Two gratings were ob- 
tained, one blazed for 4500 A, the other for 8000. The 
first of these was used to obtain objective grating 
spectra suitable for classification on the MKK system. 
The results were included in an undergraduate thesis. 

Research, Howard has published a joint paper 
with H. W. Babcock on magnetic fields associated 
with the solar flare of July 16, 1959 (Astrophys. J. 
132). He delivered a paper at the International Union 
of Geodesy and Geophysics in Helsinki. 

Koch has published photoelectric studies of AO 
Cassiopeiae, AS Eridani, and R Canis Majoris (As- 
tron. J. 65, 139, 1960; ibid. 326), and a study of XY 
Leonis appeared in the Astronomical Journal (65, 
374, 1960). At present he is working on the system 
TX Ursae Majoris. Three-color light curves suggest 
observable departures from the Russell model. 

Linnell has completed tabulation of an extensive 
set of tables giving fractional light losses for occulta- 
tion eclipses of sharp-edged stars by stars with ex- 
tensive atmospheres. A study of fractional light losses 
for transit eclipses of stars with extensive atmos- 
pheres by sharp-edged stars is well advanced. This 
work is being done on the IBM 704 computer 
at MIT. 

Olson is working on convective solar model atmos- 
pheres and their influence on the profiles of absorp- 
tion lines. Theoretical profiles for a series of convec- 
tive models have been calculated, using an IBM 650 
at the University of Indiana. These profiles are being 
compared with observed ones obtained at the Mc- 
Math-Hulbert observatory. 

Yoss has completed a study of G and K giants in 
which he contrasts the space velocities and relative 
numbers of weak-CN stars with similar properties 
for stars having strong CN absorption. The results 


OBSERVATORY REPORTS a 


‘years, and the Nationwide Amateur Astronomer 


were presented at the 105th AAS meeting in | | 
burgh. } 
The current Je! activities of Howard, a 


the Nation stad Foundation. 
ALBERT P, LINNELL, Chairmah 


Chamberlin Observatory, University of Denvell 
Denver 10, Colorado 


This report is the first since 1953 (Astron. J. 5 
240, 1953). It will attempt to span the gap over th} 
intervening years. i 

Personnel. Since Professor Thomas J. Bartlett tell 
in 1957, the director is now the only full-time membe| 
of the Observatory staff devoting, however, foun) 
fifths of his time to the teaching of mathematics an’ 
science in the University of Denver. Professor Bart 
lett spent one year with Boeing Aircraft in Seattle 
Washington ; for the last two years he has been b 
in Colorado with NORAD at Colorado Springs. Wi 
greatly miss his research program in the photometr 
of eclipsing binaries which could not be continued 
without him. ly 

The rest of the staff has consisted of student 7 
graduate assistants who have helped in our researcl| 
work and mainly in our popular programs for vis| 
itors. These persons have been Leverett L. Chapin} 
now an M.D., Arthur W. Beck, Thomas O. Counts} 
Walter S. Peterson, John Low, William R. Vat} 
Nattan, Henry D. Fiske, and Francis L. Ohmer. T 
last four named are still on our present staff. q | 

For the large group demonstrations at Chamberlin! 
Observatory, such as the Mars showings in alternate 


Convention, and the Boy Scout Jamboree of the past 
year, the Denver Astronomical Society has always 
been of great service in furnishing volunteer demon- 
strators and in setting up their excellent telescopes 
(up to 12-inch aperture) on the observatory grounds, 
They are also to be commended for their complete 
rewiring of the observatory equipment, the fashioning 
of a new control board, and a great number of ideas 
that have contributed to the better functioning of the 
observatory programs of research and popular - 
ucation. 

Their Moonwatch program has recently heal 
moved to the observatory building. A report of their 
work since then follows. 

Moonwatch Team. Report by Francis L. Ohmer, 
Moonwatch captain. In January of 1959, the Denver 
Moonwatch team moved its observing site from the 
roof of the Denver Museum of Natural History in 
City Park to the Chamberlin Observatory of the 
University of Denver. 

The chief purpose and function of this group is to 
locate visually artificial satellites immediately after 


| : 
ley are launched, to track various ones from time to 
me, to reaffirm their orbits, to relocate satellites that 
ave been temporarily lost by the photographic track- 
‘y ig stations, and to observe the re-entry into the 
“irth’s atmosphere of any of the satellites. 
| Since moving to Chamberlin Observatory the 
_ foonwatch team has constructed eight six-inch re- 
lecting telescopes to observe better the fainter satel- 
ites. All of the Russian satellites and most of the 
merican satellites have now been observed. Read- 
igs of the observations to a quarter of a second of 
me and a quarter of a degree of altitude and azimuth 
re desired. With the present equipment this accuracy 
an be attained. 
The team membership totals 25 members, all of 
yhom are amateur astronomers. Observing sessions 
‘tay be as infrequent as once a week, or may occur 
’s often as twice a day, as they have occurred since 
‘he launching of the large balloon satellite, Echo I. 
"Since moving to the new location the Denver 
_ foonwatch team has been able to increase its effec- 
“iveness to the extent that when a leader conference 
vas called in Cambridge, Massachusetts, in June, the 
eader of the Denver team was one of the thirteen to 
ye invited. As a result, the accurate IBM predictions 
"ite now being furnished the Denver team. These are 
“fiven both in the coordinates of the horizon and equa- 
‘orial systems. Just recently the Howe 20-inch re- 
‘ractor was pointed to such an accurate position of 
"yne of the fainter satellites. The field of view of the 
 arge telescope was too small to sight the object but 
t was seen with the attached Clark five-inch finder 
_elescope. 
' With the improvement of equipment and facilities, 
“the Denver team hopes to rank near the top in the 
soming year. or ; 
Occultation Program, This program has been tem- 
dorarily discontinued since Bartlett left in May, 1957. 
Recent attempts have been made to revive this work, 
but the chronograph used for timing is out of com- 
‘mission. Van Nattan is working on its repair. We 
acknowledge gratefully the continued assistance we 
‘receive from Flora McBain of the Royal Observatory 
at Greenwich. She has been furnishing us with the 
predictions ofall occultations which occur for Denver. 
We hope soon to be able to take on again our proper 
share in this important program. 

Comet d’Arrest. The study of the motion of this 
short-period comet is still being continued by Recht. 
A report of progress was presented at the 89th Meet- 
ing of the American Astronomical Society at Boulder, 
Colorado [Astron. J. 58, 225, 1953]. The elements 
used to predict the return of Comet d’Arrest in 1950 
within 0.2 day in T have since been carried forward 
to 1957 and the osculating elements and ephemeris 
published in the Harvard Announcement Cards of 

tat period. The comet, in a very unfavorable posi- 
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tion, was not sighted, as at similar previous returns. 
A search ephemeris is planned for the 1963 return of 
this comet, improved if possible by a best fit of the 
four normal places of 1943 and the ten normal places 
of 1950. 

Mars Shows. Because of the great popular interest 
in the planet Mars, probably reactivated in 1938 by 
Orson Welles in his production of Invasion from 
Mars, Chamberlin Observatory has made a practice 
of showing the planet through the Howe 20-inch re- 
fractor to the general public since the favorable return 
of 1939. Our practice has also been to prepare our 
visitors in advance of looking through the telescope 
with a presentation of the difficulties of seeing details 
on the surface of Mars even under favorable condi- 
tions. We did this in 1939 and 1948 by giving a 15- 
minute lecture illustrated with slides, presenting the 
same talk to as many as 22 groups of about 30 
persons each successively on the same night. For the 
1952 and 1954 appearances a special 16-minute home- 
made sound movie was employed for this purpose. 
For the latter part of the 1954 showing and for 1956 
a 22-minute tape recording was illustrated with 90 
colored slides. For the 1958 showings we were able 
to obtain the first 16-mm color print of Walt Disney’s 
30-minute Mars and Beyond movie. We plan to use 
this movie again for the 1960-61 return of Mars. 


The following table shows the approximate number 
of visitors at the Mars showings over the years—the 
special shows only. The earlier showings were for a 
few nights only; recent practice has been to keep the 
observatory open on clear evenings for a whole 
month. Even the long periods have not been adequate 
to take care of the demand. Hundreds of interested 
persons have had to be turned away; for instance, on 
one night in early September, 1956, 1200 visitors had 
to be turned away at one time. 


Time of Number of Approx. number 

showing nights of visitors 
July, 1939 3 700 
Feb., 1948 1 567 
May, 1952 5 1300 
July, 1954 24 3300 
Sept., 1956 27 6800 
Nov.—Dec., 1958 20 1700 


To avoid lines in cold weather, reservations were 
made by telephone in 1958. The same plan will be 
followed in January, 1961. 

Nationwide Amateur Astronomers Convention. 
August 28 through 31, 1959 hosted by the Denver 
Astronomical Society. 

While not directly responsible for this first joint 
meeting of all the national groups of amateur astron- 
omers in the United States, the staff of the Chamber- 
lin Observatory had some indirect commitments, The 
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director gave the welcoming address and showed 
astronomical movies after one afternoon session. 
Chamberlin Observatory was also the scene of one 
evening’s entertainment which was attended by some 
300 of the amateurs. 

During that evening five shows were going on at 
the same time, three outside the building and two 
inside. The outside shows included a demonstration 
of telescopes by members of the Denver Astronomical 
Society on the observatory grounds, and the simul- 
taneous showing of different movies on two sides of 
the observatory building. Inside there was a line of 
observers looking at Jupiter and Saturn through the 
Howe 20-inch, an Alvan Clark refractor, while an- 
other group was first being entertained by the Mars 
tape recording and colored slides, then shown the 
astronomical exhibits, and finally given a six-minute 


demonstration of the Spitz Junior School Planetarium 


in its ten-foot dome; one of the shows was actually 
attended by the inventor of the Spitz planetarium, 
Mr. Armand Spitz, and his wife. 

The convention was the joint operation of four 
great national amateur groups: the Western Amateur 
Astronomers, the Astronomical League, the Amer- 
ican Association of Variable Star Observers, and the 
Association of Lunar and Planetary Observers. There 
were 380 official registrations, mostly of the family 
type, representing an estimated total of 850 persons 
attending the convention. Kenneth Steinmetz, pres- 
ident of the Denver Astronomical Society, headed 
the work of the convention committee, while Ned 
Onstott, president of the Pueblo Astronomical So- 
ciety, took care of the arrangements. Two separate 
banquets were attended by 450 persons each, more 
than were expected. 

The three field trips were subscribed to beyond 
their expected capacity. The first was a tour of the 
National Bureau of Standards at Boulder, Colorado, 
followed by a trip to see its radio telescopes. The 
second was a tour of the United States Air Force 
Academy, including two demonstrations of the Spitz 
Model B planetarium there, the highlight of which 
was the description. of the instrument by Armand 
Spitz, the inventor himself, and followed by a chuck- 
wagon supper in the Garden of the Gods, near 
Colorado Springs, accompanied by a remarkable pro- 
gram conducted by the Colorado Springs Junior 
Chamber of Commerce. The third field trip was an 
eight-hour 200-mile round trip to the High Altitude 
Observatory and Coronagraph on the continental 
divide at Climax, Colorado, on the day following 
the convention. 

Very excellent papers, many worthy of profes- 
sional rank, were presented at the regular sessions by 
members of the four national groups. The proceed- 
ings and abstracts of these papers are still available 
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and may be obtained at cost by writing the secretat| 
of the Denver Astronomical Society. 


demonstrations for visitors at full scale, despif} 
limited staff, space, and facilities. Our program 


the country, for we have given complete shows toa 
average of more than 8000 visitors a year over | 
seven years since our last report. A typical nigt} 
program for 70 visitors, operating alternately in tw) 
groups, one at the telescope and the other downstairj 
consists of four celestial objects shown through thi 
Howe 20-inch refractor, a slide lecture, a demonstre| 
tion of the Spitz Junior School Planetarium, in addij 
tion to the showing of astronomical exhibits, and th] 
presentation of Walt Disney’s great color movie Ma} 
im Space. 

Many daytime groups are also scheduled, usual 
showing Venus, a bright star, and the sun, with thi 
large refractor, besides the slide lecture, planetarium} 
and movie shows. During the 31 years of record th 
observatory staff has entertained nearly 130 000 vis; 
itors in day and night groups at the observator} 
proper. Besides there have been another 60 000 per] 
sons in outside audiences at talks given by member| 
of the Chamberlin Observatory staff. | 


ALBERT W. RECHT, Direchhl 


David Dunlap Observatory, University of Toronto} 
Richmond Hill, Ontario | 


Radial Velocities. Observations and measurement! 
have been continued on radial velocity programs un} 
dertaken earlier: 55 faint Kapteyn Area Fundamental 
Stars in the galactic cap, 110 faint OB stars, 204 
late-type stars in extensions of the Kapteyn Areas) 
A number of spectrographic binaries are under ob 
servation by Miss Northcott and Heard. 

Photometric. Dr. Helen Hogg has continued ob: 
servations of variable stars in globular clusters| 
Heard is continuing a photometric study of the 
eclipsing system SZ Psc. MacRae and Searle have 
used the photoelectric spectrophotometer to continue 
studies of equivalent widths and continuous energy} 
distribution in stellar spectra. 

Stellar Spectra. Searle’s analysis of abundance 
ratios in R CrB has indicated the rare earth/iron 
ratio to be the same as in the standard supergiag’ 
38 CMa, but carbon to be over-abundant by a factor 
of 25. The source of opacity in R CrB has been at: 


tributed to photoionization of neutral carbon. S. C. 


Morris, a student, obtained a series of spectrograms 
of VW Cep and has made an analysis of the line 
intensities during several cycles of the light variation. 

Radio Astronomy. The University Radio Astron- 
omy group is continuing its investigation of noise- 


wer standards, under the direction of MacRae and 
en. A 700 Mc/sec parametric amplifier is being 
sted and a 1400 Mc/sec model is being designed, 
“ander the direction of Dmitrevsky. A 700 Mc/sec 
‘otenna array with some novel features is being 
_:sted at the Observatory. Building plans have been 
Jompleted which will permit participation of the 
 Iniversity of Toronto group in the Algonquin Radio 
\)bservatory. Graduate students have been Duncan 
McNeill, Robert Vicary, and Blake Cherrington. An- 
ther graduate student, David Hogg, has spent two 
‘aonths at Green Bank obtaining radio observations 
4 f Hit regions with the 85-foot telescope. 

A search by van den Bergh ofsthe Palomar Sky 
Atlas prints for sharp emission filamentary struc- 
“ures like the Cygnus loop has revealed nine such 
_egions, six of which have already been associated 
vith known radio sources. 

| Clusters. Dr. Helen Hogg has continued biblio- 
‘raphical studies of both galactic and globular clus- 
ers. Van den Bergh and a student, D. Sher, have 
obtained the luminosity function for 22 galactic clus- 
ers from Palomar Schmidt plates obtained by van 
len Bergh. The results indicate that different clusters 
ave widely differing luminosity functions. They con- 
-:lude that the luminosity function of star creation 
depends on the physical conditions prevailing in 
‘regions of star formation. 

Instrumental. Modification of the photoelectric pho- 
tometer to include refrigeration of the photomultiplier 
tube and other improvements have been completed. 
‘The basic design for a new all-reflection spectro- 
graph has been worked out and the optical com- 
_ ponents have been ordered. 

\ A.A.S. Meeting. The Astronomy Department and 
the University of Toronto were hosts to the Ameri- 
‘can Astronomical Society at its 103rd meeting, Au- 
gust 30 to September 2, 1959, with about 300 mem- 
bers and guests in attendance. Sessions were held in 
‘the Wallberg Building on the University campus and 
‘at the David Dunlap Observatory at Richmond Hill, 
‘while participants were accommodated in University 
residences. A symposium on the subject “The differ- 
ences among globular clusters” was conducted with 
financial support from the National Science Founda- 
» tion, Washington. 

Instruction. Six graduate students were enrolled 
in the Department of Astronomy during the 1959-60 
session. Of these, two, G. A. Bakos and P. De- 
‘marque, completed their Ph.D. theses during the 
session and one, D. Sher, his M.A. thesis. 


Joun F. Hearn, Director 
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Dearborn Observatory, Northwestern University, 
Evanston, Illinois 


Personnel. During this period the staff of the Ob- 
servatory has been reorganized. Dr. J. Allen Hynek 
was appointed Professor, Chairman of the Depart- 
ment of Astronomy, and Director of the Dearborn 
Observatory September 1, 1959, but took leave to 
remain at the Smithsonian Astrophysical Observa- 
tory during the year in order to conclude his respon- 
sibilities with the Satellite Tracking Program. Dr. 
Karl G. Henize was appointed Associate Professor, 
and Acting Chairman and Acting Director for the 
year 1959-60. 

Research, Henize continued his cataloguing and 
statistical analysis of data concerning peculiar stars in 
the southern Milky Way. The stars include approxi- 
mately 1500 emission-line stars for which galactic 
coordinates were computed and for which a final 
classification prior to publication was mostly com- 
pleted. In addition, positions were measured for 210 
carbon stars and 145 S stars which appear on these 
plates. A statistical study of the spectra and galactic 
distribution of the S stars was completed. 

Henize and collaborators undertook occasional 
visual and photographic observations of unusual arti- 
ficial earth satellites and participated with approx- 
imately ten other observatories in a search for the 
Russian moon probe, Lunik 3. These early efforts of 
using Dearborn Observatory equipment for the ob- 
servation of artificial satellites and space probes have 
resulted in the formation of a Moonwatch team at 
Dearborn Observatory. This team receives satellite 
predictions from Smithsonian Astrophysical Obser- 
vatory, conducts visual observations of artificial earth 
satellites, and transmits the data so obtained to 
Smithsonian Astrophysical Observatory. 

Three data-reduction programs have been written 
for the 650 IBM computer. One converts geocentric 
coordinates of artificial earth satellites to topocentric 
coordinates. The second converts equatorial coordi- 
nates of stars to galactic coordinates. The third 
analyzes the random and systematic errors in a series 
of measures of lines in stellar spectra. 

Public relations. Henize continued to act as a visit- 
ing professor in the American Astronomical Society 
Visiting Professor Program. In the course of this pro- 
gram he visited eight universities at which he deliv- 
ered an average of four lectures each. Heinize has 
been appointed one of three coordinates of the Visit- 
ing Professor Program for the year 1960-61. 


Kart G. HEn1ze, Acting Director 
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Dyer Observatory, Vanderbilt University, Nash- 
ville, Tennessee 


Personnel. It is with great sorrow that we record 
the untimely death of our former colleague and di- 
rector, Dr. Carl Seyfert, who lost his life on June 
13th, 1960, in an automobile accident. In the fourteen 
years that he had been in Nashville, he earned the 
love and respect of countless friends in and out of 
the university community. Starting as the only as- 
tronomer in the Physics Department and with the 
old Barnard Observatory equipped with a six-inch 
refractor, he conceived of, built, and directed the 
Arthur J. Dyer Observatory, equipped it with mod- 
ern accessories and inaugurated an active research 
program in areas relating to galactic structure. The 
observatory remains as a monument to his skill, 
enthusiasm and tireless efforts in astronomical ac- 
tivities. 

In January 1960, Dr. D. L. Crawford resigned to 
join the staff of the Kitt Peak National Observatory. 
He introduced several valuable techniques into our 
work and stimulated the staff no less than the stu- 
dents in his classes. Several investigations he engaged 
in at the Dyer Observatory are continuing in a 
collaborative fashion. Dr. W. Tifft, who has recently 
been engaged in research at the Mount Stromlo 
Observatory, will join the staff at the beginning 
of the 1960/61 academic year. Mr. J. H. DeWitt, Jr. 
continues to devote much of his attention to astro- 
nomical problems and is making significant progress 
in the use of image orthicons as image intensifiers. 
The undersigned has agreed to serve as acting-direc- 
tor during the forthcoming year. j 

Persons who have assisted the observatory during 
the 1959/60 year have included: Mrs. P. Hudgens, 
secretary, Miss P. Bautz, Miss M. Gnauck, W. 
Brown, R. Cameron, H. Gray, H. Koster, S. Lott, 
C. Seyfert, Jr., M. Snowden, C. Tolbert; Mr. C. M. 
Ballard continues to do much of the Observatory’s 
instrument construction. 

Students who completed the requirements for the 
M.S. degree were S. Lott and C. Tolbert. 

Research Programs. Dr. Seyfert was engaged in 
studies of methods to obtain spectra of faint stars 
with the objective-prism equipment. After experi- 
menting with glass and liquid filters, he found the 
most encouraging results with a multilayer interfer- 
ence filter made by Baird-Atomic. With this filter, 
a band between 3900 and 4000 A was admitted with 
sufficient efficiency to permit obtaining spectra one 
magnitude fainter before being limited by sky. The 
technique is intended primarily for the identification 
of A stars in the nearby associations. 

U, V, B and H8 observations by Hardie and 
Crawford for B stars in the II Scorpii association 
have been completed and provide a basis for calibra- 
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tion of absolute magnitudes for main-sequence ]} 
stars. | 
Three-color observations for stars forming a sub 
association near e Orionis were secured by Crawford 
Seyfert, Tolbert and Lott, and HB observations i | 
some of these stars were made by Crawford. Furthe} 
observations during another season are anticipated 
before completing this study. | 
Crawford developed a versatile program for th 
IBM 650 for the reduction of three-color observal 
tions. It may be used to determine magnitudes 
colors, transformation constants, or extinction co 
efficients, depending on the requirements. A pape| 
on this work is in preparation. | 
Bautz, Brown, Gnauck, Gray, and Koster all col 
laborated under Crawford’s direction in the task 0} 
collecting data in order to compile a punched-car¢ 
version of the Bright Star Catalogue. When this i 
completed and verified it will be made available t 
other observatories desiring it. Koster, under Cram 
ford’s supervision, is currently programing preces} 
sion corrections and galactic coordinates, based ot 
the 7” and b” system, for use with the Bright Sta 
Punched-Card Catalogue. ht 
Lott and Tolbert, under Hardie’s direction, hawt 
completed their studies of the short-period variable ' 
DY Herculis and CY Aquarii in three-color photom 
etry. In neither case were satisfactory solutions for 
radius found, based on either Wesselink’s or Baade’ 
method. The critical nature of the color-phase rela 
tions suggests that observations made in all color: 
simultaneously may be required to investigate the 
pulsation theory for such short-period variables. Fur 
ther studies are being pursued on these problems, anc 
construction of a simultaneous three-color photomete; 
is in progress. 4 
DeWitt has constructed a modified form of the 
image-orthicon closed-circuit television apparatus 
aiming to attain the highest efficiency for image 
intensification purposes. In the modified form, twe 
independent circuits may be used; one has a swee{ 
rate of 1/30 sec as formerly, the second has a sw 
rate of 4 or 8 sec as desired, and in addition, an} 
integration time. The first is intended to be used fo: 
initial visual focusing and alignment, while the secon¢ 
is intended for recording the data by photography 
magnetic tape or any other means. Preliminary la 
oratory experiments indicate that the slow swee] 
provided somewhat improved signal-to-noise due t 
the more complete discharge of the target. This re 
sults in bringing the image-orthicon closer to th 
performance of nonmodulated image amplifiers, ant 
closer to cathode-limited conditions. With the ob 
vious advantages of easy, visual field identification 
focusing and alignment, as well as of its use of co 
mercially available components, it appears to h 


‘uch promise for astronomical applications. Intensive 
york is currently in progress on this development. 

| Photoelectric observations on Hf have been ob- 
ined for all the B stars previously noted by Hardie 
ind Seyfert in the association I Lacerta. In addition 
'| few measures were made on A stars which may lie 
jbove the main sequence, and on a few stars in a 
hore northern subgroup of the association. This 
ork is in preparation. 

| A revised list of standard stars used to define the 
7B photoelectric parameter, 8, for the B stars has 
deen published in the Astrophysical Journal 132, 66, 
‘1960. 

| Collaboration has continued with Dr. B. Strom- 
gren of the Institute for Advanced Study in photo- 
electric narrow-band photometery in problems con- 
‘cerning instrumentation and applications to galactic 


structure and stellar evolution. 

| Cameron and Crawford have begun setting up a 
fundamental network of extinction standards situated 
around the celestial equator and between visual mag- 
‘nitudes 8.5 and 10.0. Cameron has been a visiting 
graduate student at Kitt Peak National Observatory 
for July 1960 on this program. 

_ Seyfert went to observe the solar eclipse of Octo- 
‘ber 2, 1959 in the Canary Islands, Although the sky 
‘conditions were for the most part unfavorable, the 
‘clouds cleared at the time of totality, permitting him 
to obtain a splendid movie on color film. To facilitate 
taking the movie, he used a small portable coelostat 
which had been reconditioned and adjusted before- 
hand by Ballard and Tolbert. 

Snowden, under the supervision of DeWitt and 
Hardie, photographed the lunar eclipse of March 13, 
1960 with a movie camera attached to the 24-inch 
telescope. Although the camera action was not suffi- 
ciently dependable, the experiment was partially suc- 
cessful. A number of accessories were built which will 
be used in future lunar eclipses. In addition to the 
photography, three-color photometry of the moon 
was carried out by Hardie during the eclipse. 

Instrumentation developments consist of (1) de- 
sign considerations of a data-handling system de- 
signed to take the output of the photometer and put 
it in punched tape or card form; (2) design of a 
chopper-modulated system to remove sky from the 
photometric readings while preserving dc efficiency ; 
(3) continuation of work on the multibeam adapter 
to permit three colors to be measured simultaneously ; 
(4) design of a system which will digitize telescope 
positions, amplifier or integrator gains, time, etc. for 
ultimate automatization of all photometric observa- 
tions; and (5) construction of several additional 
photocell cold boxes. In addition, a duplicate of the 
Dyer Observatory photoelectric photometer was con- 
structed by Ballard, Hardie, De La Rosa, and Men- 
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doza for the Mexican National Observatory at 
Tonantzintla. 

A preliminary study of the drive-rate necessary to 
compensate for refraction during spectral exposures 
was concluded by Bowman under Hardie’s super- 
vision. 

Plans are under way to commence photographic 
photometry for which. purpose the 24-inch Baker 
reflector-corrector telescope is well suited. We plan 
to add an iris-photometer to the facilities to enable us 
to broaden the scope of research substantially. 

Acknowledgments. The observatory staff is pleased 
to acknowledge a gift from the estate of the late Dr. 
W. Vaughn to be used to help support the library. 
Support for various phases of research from the fol- 
lowing sources is gratefully acknowledged: Research 
Corporation, National Science Foundation, and the 
Natural Science Committee of Vanderbilt University. 

Miscellaneous Activities. Approximately 1000 per- 
sons visited the observatory principally as members 
and friends of the Barnard Astronomical Society. 
Visitors from other observatories included Dr. C. S. 
Beals, Dominion Observatory ; Dr. Wilhelm Becker, 
Basle, Switzerland; Dr. Kent Ford, Department of 
Terrestrial Magnetism, Carnegie Institution of Wash- 
ington; Dr. Otto Franz, U. S. Naval Observatory ; 
Dr. John Hall, Lowell Observatory; Dr. M. J. S. 
Innes, Dominion Observatory; Dr. Peter Van de 
Kamp, Sproul Observatory ; Dr. William Livingston, 
Kitt Peak National Observatory; Dr. and Mrs. Eu- 
genio Mendoza, Tonanzintla Observatory; Dr. Jason 
Nassau, Warner and Swasey Observatory; Mr. 
Eduardo De La Rosa, Tonanzintla Observatory; Dr. 
M. B. K. Sarma, Hyderabad Observatory; Dr. and 
Mrs. Carl Schalén, Lund Observatory; Dr. John 
Schopp, University of Missouri. 

During the past year there were numerous meet- 
ings which the staff attended or to which they con- 
tributed papers: A.A.S., Toronto, August, 1959 
(Hardie) ; A.A.S., Cleveland, December, 1959 (Sey- 
fert, Crawford, Hardie); A.A.S., Pittsburgh, April, 
1960 (DeWitt) ; American Physical Society (South- 
east Section), Gatlinburg, April, 1960 (Seyfert, Tol- 
bert) ; Ohio Neighborhood Meeting, Columbus, May, 
1960 (Hardie) ; Tenn. Acad. of Sci., Nashville, De- 
cember, 1959 (Seyfert, Crawford, Hardie, Tolbert, 
Lott, Cameron). 

Up to the time of his death, Seyfert continued as 
a member of the Board of Directors of A.U.I., and 
of A.U.R.A., and he had completed a term as panel- 
member of the Astronomy Advisory Panel of the 
N.S.F. During the summer of 1959, Crawford was 
a guest investigator at Lick Observatory and Kitt 
Peak National Observatory. 

Publications: During the year 1959/60 the follow- 
ing papers appeared: 
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A.J. Dyer Reprint No. 11. “The 1.3-Day variable 
BL Herculis” by H. A. Abt and R. H. Hardie. 
Astrophys. J. 130, 155, 1960. 

A. J. Dyer Reprint No. 12. “A study of the II 
Persei association” by C. K. Seyfert, R. H. 
Hardie and R. T. Grenchik. Astrophys. J. 132, 
58, 1960. 

“Early-type stars used as standards in photo- 
electric HB photometry” by D. L. Crawford. 
Astrophys. J. 132, 66, 1960. 


The following paper is in press: 


A. J. Dyer Reprint No. 13. “A study of the I 
Geminorum association” by R. H. Hardie, C. K. 
Seyfert and I. S. Gulledge. Astrophys. J. 132 
(Sept), 1960. 

Rosert H. Harpir, Acting Director 


University of Florida Radio Observatory, Univer- 
sity of Florida, Gainesville, Florida 


Personnel. The Observatory staff during the year 
has consisted of Dr. Alex G. Smith, professor of 
physics, Dr. T. D. Carr, associate professor of phys- 
ics, Mr. Dan Richardson, technician, and Mrs. Bar- 
bara McCollough, secretary. Neil Chatterton and 
Frank Six were employed as graduate research as- 
sistants, and Richard Flagg, Ralph Keen, and Ber- 
nard Staub as undergraduate assistants. Other grad- 
uate students participating in the program were 
Frank Hankey, Arthur Plourde, Raymond Watson, 
and John White. Dr. Smith has been elected a direc- 
tor-at-large of the Association of Universities for 
Research in Astronomy. During the year Dr. Carr 
was promoted from assistant professor to associate 
professor. 

Instrumentation. The major equipment of the Ob- 
servatory now includes 18 Mc and 27.6 Mc steerable 
Yagi antennas, an eight-element 18 Mc broadside 
array, two 32-element 22.2 Mc broadside arrays, a 
broad-band rhombic array, and a 22.2 Mc polarim- 
eter consisting of crossed Yagis mounted on a com- 
mon, steerable boom. During the year a 90° corner 
reflector with reflecting planes 40 ft sq was com- 
pleted; this antenna is steerable in altitude and can 
be operated in the frequency range from 14 Mc to 
30 Mc through the use of appropriate dipoles. 

Carr and Keen made extensive improvements in 
the polarimeter circuits, replacing mechanical switch- 
ing with electronic switching. Watson designed and 
constructed the circuitry necessary for utilizing the 
22.2 Mc broadside arrays as a lobe-switching inter- 
ferometer and successfully tested the instrument on 
Cygnus A and Cassiopeia A. Hankey completed a 
photoelectric photometer for the Observatory’s 124- 
inch optical telescope. A commercially built swept- 
frequency receiver was installed by Chatterton and 
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adopted for motion picture recording of the cathod 
ray tube display; this receiver is used with th 
rhombic antenna and sweeps any 3-Mc segment © 
the spectrum between 0 and 25 Mc. 

It is a pleasure to acknowledge the assistance 6 
the National Science Foundation, the Office of Nava 
Research and the U. S. Army Office of Ordnanee 
Research in supporting the operation of the oF 
servatory. 

The most significant addition to the instrumenta- 
tion was the construction of a southern hemispher 
field station at the Maipti Radio-Astronomical Ob. 
servatory of the University of Chile, near Santiago 
Chile, with funds provided by the National Science 
Foundation. Carr, Smith, and Staub completed the 
major portion of the installation during the summer 
of 1959, with the help of Sr. Heins Bollhagen of the 
University of Chile. Indispensable administrative as: 
sistance was provided by Sr. Federico Rutllant, dt 
rector of the Chilean National Observatory of the 
University of Chile. Additions to the instrumentatiot 
were made during a second visit in the spring of 196f 
by Carr and Smith, assisted by Bollhagen and Sr 
Jorge Levy. Major equipment at the station noy 
includes two 16-element 18 Mc broadside arrays, « 
four-element 10 Mc broadside array, an eight-element 
20 Mc broadside array, a 22.2 Mc polarimeter, and ¢ 
corner reflector identical with the one in Florida 
Carr and Bollhagen have adapted a communications 
receiver for use as a swept-frequency receiver in the 
20-Mc region. The operations of the two stations are 
coordinated by means of a radio communications link 

Scientific Program, The major interest of the Ob- 
servatory continues to be in the long-wavelengtl 
sporadic radiation of the planets, principally Jupiter 
The 1959-1960 morning elongation of Venus was 
observed daily at 18.0 and 27.6 Mc at the Gainesville 
station, from early November until the middle o} 
February. No sporadic radiation was detected at 
either frequency. Observations of Jupiter began ir 
late December at the Florida station at 18.0, 22.2 
and 27.6 Mc, and were continued daily until May 21. 
when the usual summer buildup of local thunder- 
storm activity made further work unprofitable. 

During 1960 there was a marked increase of the 
level of Jupiter activity over the somewhat “lean” 
apparitions of the past two years. Hankey has made 
several photoelectric runs on Jupiter during radic 
outbursts using both white light and the Ha line; the 
results to date have failed to indicate any changes in 
light coincident with the radio bursts. 

Jupiter observations were inaugurated at the Chil- 
ean station on February 19 and are still in progress 
at the time of writing (July 20), with Bollhagen and 
Levy reporting continued excellent listening condi- 
tions. The Chilean observations have been made at 
10.0, 16.7, 18.0, 22.2, and 27.6 Mc. Observations of 
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aturn at 18.0 Mc are also being made at the Maipt 
lation, with several events of possible Saturnian 
tigin being reported, although it is currently becom- 
ig somewhat difficult to resolve Jupiter and Saturn 
t these frequencies. It seems likely that the Chilean 
tation will continue to enjoy superior listening con- 
itions for Jupiter and Saturn for the next several 
ears, due both to the southern declination of these 
lanets and to the fact that the favorable early morn- 
ag transits will be occurring during the southern 
emisphere winter months. 

A preliminary reduction of the Chilean data made 
y Smith indicates the continued existence of several 
oealized noise sources on Jupiter, rotating with the 
stablished System III period of 9"55™2888. Plourde 
nd Six are currently programing all of the data for 
n IBM 650 computer to alleviate the growing 
urden of data reduction. The program will also 
ermit correlations of the Jupiter data with various 
olar and geophysical parameters. 

Comparison of high-speed records made simulta- 
ously in Chile and in Florida shows a marked 
cintillation effect. Much of what has been called the 
burstiness” of the Jupiter radiation—that is, the 
endency of the signals to occur as short bursts of 
uulses—is apparently due to this scintillation, which 
S quite probably of the same nature as that commonly 
bserved for the radio stars. On the other hand, 
imultaneous polarimeter records taken at the two 
ites indicate the same polarization sense, which 
vould seem to preclude any gross polarization effects 
yf the terrestrial ionosphere, since the two stations 
ire in magnetically opposite hemispheres. 

The swept-frequency receivers, as well as studies 
nade with fixed receivers slightly separated in fre- 
Juency, indicate a relatively narrow spectrum for 
ndividual Jupiter pulses and a tendency for a noise 
‘storm” to drift slowly up or down the spectrum. 
[here appears to be no correlation between bursts 
mn the harmonically related frequencies 10 and 20 Mc. 

Publications of the Observatory during the year 
nelude : 


‘Radiofrequency observations of the planets in 1957— 
1958” by Carr and Smith. Bull. Am. Phys. Soc. II 
4, 393, 1959. 

‘Radiofrequency observations of the planets in 1957— 
1958” by Smith and Carr. Astrophys. J. 130, 641, 
1959, 

‘Extraterrestrial noise as a factor in space commu- 
nications” by Smith. Proc. IRE _48, 593, 1960. 

‘Tonospheric modification of the radio emission from 
Jupiter” by Smith, Carr, Bollhagen, Chatterton, 
and Six. Nature 187, 568, 1960. 

Instruction. The departments of Physics and Aero- 
lautical Engineering of the University of Florida 
lave inaugurated a joint graduate curriculum in as- 
ronautics, A course in astro-geophysics is being 
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taught by Smith as part of this program; there was 
an enrollment of 15 students for the first offering in 
the fall of 1959. 

During the summer of 1960 W. Fraher and 
Malcolm Lane assisted the Observatory staff as 
members of the National Science Foundation Sum- 
mer Research Participation Program for Secondary 
School Students. 


Avex G. Smit, Director 


Flower and Cook Observatory, University of 
Pennsylvania, Philadelphia, Pennsylvania 


Personnel. Dr. Leendert Binnendijk was promoted 
to Professor, effective 1 July, 1959. Dr. John Merrill, 
of the Franklin Institute, was appointed Visiting 
Professor (part-time). Dr. William Blitzstein was 
promoted to Associate Professor effective 1 July, 
1960. Dr. Blitzstein’s appointment is now full-time in 
Astronomy. Dr. William M. Protheroe was awarded 
a prize of $1000 by the University of Pennsylvania 
for outstanding performance in undergraduate teach- 
ing. Dr. Protheroe has been appointed Vice-Dean of 
the Graduate School of Arts and Sciences, effective 
1 August, 1960. Dr. T. K. Menon resigned, effective 
30 June, 1960. Dr. Menon plans to spend a year 
working at the Kitt Peak National Observatory. Mr. 
J. R. Holzinger, on leave from Franklin and Marshall 
College, spent the year on a National Science Foun- 
dation teaching fellowship. Mr. Holzinger worked 
with Dr. Binnendijk on the observation of W UMa 
systems. Mr. James Wanner was appointed Pawling 
Fellow. Mr. Robert E. Wilson and Mr. Stanley 
Sobieski were appointed research assistants. Mr. 
Henry F. Fliegel was awarded a National Science 
Foundation Fellowship. Mr. George McCluskey 
spent the months of June to September, 1959 work- 
ing at the National Radio Astronomy Observatory. 
Mr. Wilson received the M.S. degree in June, 1960. 
Miss Elaine Sweital and Mr. McCluskey received 
B.A. degrees with majors in Astronomy. Miss 
Sweital received a Woodrow Wilson Fellowship and 
will enter graduate school at the University of IIli- 
nois; Mr. McCluskey will begin graduate work at 
the University of Arizona. Mr. Wanner and Mr. 
K. Y. Chen left in June, 1960 to work for the sum- 
mer at the National Radio Astronomy Observatory. 

Instrumentation. A constant frequency power sup- 
ply was incorporated in the drive system of the 28- 
inch reflector in order to compensate for irregularities 
in the local power supply. The equipment was pro- 
vided for by a gift from the Shell Assists of the Shell 
Companies Foundation to the Grants and Awards 
Committee of the University of Pennsylvania. 

Scientific Programs. Dr. C, P. Olivier continued to 
serve as President of the American Meteor Society. 
He was the author of an extensive catalogue of daily 
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and hourly meteor rates from observations extending 
over 57 years; this appeared as a Smithsonian Con- 
tribution to Astrophysics, Vol. lV, No. 1, Dr. Olivier 
also published the final results of observations of 
long-period variables made at the old Flower Ob- 
servatory. 

Dr. Protheroe and Mr. Chen have completed the 
analysis and discussion of scintillation studies extend- 
ing over the years 1955-9, 

Dr. Menon continued the investigations of gaseous 
nebulae based on observations made at the National 
Radio Astronomy Observatory. A model of electron 
density distribution in the Orion Nebula has been 
derived combining the observations of various au- 
thors at a number of different wavelengths. The dis- 
tribution so obtained shows lower electron density 
than derived from optical observations. This is attrib- 
uted to the presence of condensations in the nebula, 
There are also indications of variation of electron 
temperature within the nebula. A number of other 
nebulae are also under study. In March and April of 
1959 an attempt was made to detect the Zeeman 
splitting, due to a possible interstellar magnetic field, 
of the 21-cm absorption features in the spectra of 
Cassiopeia A source. The upper limit for the field has 
been found to be about 10-* gauss. 

Dr. Blitzstein and Mr. Fliegel, with the aid of Mr. 
James. K. Thorpe, modified one of the scintillation 
photometers for use with the eight-inch refractor for 
a search for radio-frequency light fluctuations which 
might be expected to be caused by plasma oscillations 
on selected areas of the sun. Dr. Blitzstein and Mr. 
Sobieski continued studies of various characteristics 
of multiplier photocells. 

Dr. Binnendijk continued photoelectric observa- 
tions in two wavelengths of W UMa systems, using 
the 28-inch reflector. Light curves of V839 Ophiuchi 
and U Pegasi were completed and published (Astron. 
J, 65, 79 and 88, 1960). For the latter, an orbital 
solution was obtained. The light curves and orbital 
solutions of AH Virginis were completed in July and 
observations of AK Her were begun. 

Dr. Binnendijk also joined in the International 
Cooperative Program for observing Beta Lyrae. His 
observations in four wavelength bands have been 
published together with those made simultaneously 
by Mrs. Beverly B. Bookmyer using the 15-inch 
horizontal refractor (Astron. J. 65, 84, 1960). 

Dr. Binnendijk’s book, Properties of Double Stars, 
was published by the University Press, 

Dr. Merrill has continued work on computation of 
orbits of eclipsing stars, and is preparing a series of 
detailed examples. Much of this work has been car- 
ried on during the summer months as a research 
program of the Princeton University Observatory. 

Dr. F. B. Wood continued work on the photoelec- 
tric observations of eclipsing stars obtained at the 
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Mount Stromlo Observatory in 1957-58, and on th 
development of theoretical ideas concerning the evo: 
lution of close binary systems. A two-color ligh 
curve and solution of TZ CrA has been publishec 
(Astron. J. 65, 23, 1960), Further studies of thes 
observations have been made by students workit 
under the National Science Foundation Undergrad: 
uate’ Research Program. Mr, McCluskey carried owt 
a period study, rectification, and preliminary solutior 
for V Tuc. Mr. William Klepczynski and Mr. Ronale 
Weiner have commenced similar studies for RS 4 
and ST Car, respectively. 

Mr. E. G. Reuning continued his observations i 
the infrared, working chiefly in the 1.6 region. For 
more than a year the infrared photometer has beer 
sufficiently reliable and stable to be used regularly or 
observing programs, Mr. Reuning has been assisted 
in the observations by Mr. Chen and Mr. K. C. Chot 
observed many of the objects simultaneously in the 
visual regions of the spectrum. Objects observed in: 
cluded the eclipsing variables Algol, Epsilon Aurigae 
Zeta Aurigae, VV Cephei, 31 Cygni, and 32 Cygni 
and various long-period and irregular variables. One 
eclipse of the moon was observed. In all except the 
first of the eclipsing variables the object has been a 
study the intrinsic fluctuations of the late- -type co 
ponents, which contribute nearly all the light in the 
1.64 region. .Mr. Reuning has continued theoretical 
computation of stability limits for close double stars. 
using a polytrope model of index 3 instead of 7 
simpler point-source models. 

Mr. Wilson designed and, with the aid of M1 
Thorpe, completed the conversion of the spectrograpk 
into a spectrophotometer for use with the 28-inck 
telescope. The dispersion averages 50.1 A/mm from 
4A5781 to AA4348, An end-on multiplier photocell is 
used ; this was selected especially for total sensitivity 
and for uniformity of sensitivity over the surface. 

Mr. Alan Petty has designed, and Mr . Thorpe has 
nearly completed the construction of an elbow pho- 
tometer designed to permit work to be done near the 
pole while using the Cassegrain focus of the 28-inch 
reflector. 
. Mr. Igor Jurkevich continued to redesign some 
of the electrical circuits of the Miczaika-Lovell infra- 
red photometer, in order to take advantage of recent 
developments in circuitry. With the aid of Mr, Chou 
he has constructed some of the new circuits. 

Mrs. Bookmyer continued two-color photoelectric 
observations of the eclipsing systems AK Her and 
W UMa and has made one-color observations of AM 
Leo for a period study. 

The following observers have started a cooperative 
observing program of eclipsing systems using the 
15-inch refractor and the Pierce pulse-counting pho- 
tometer: Chen, Chou, Fliegel, Sobieski, Wanner, and 
Wilson. Systems observed to date in two colors in- 


lude RS CVn, TW Dra, BF Vir, 451 Oph, RZ Dra, 
nd FL Lyr. 

| Mr. Chou has published observations, times of 
jinima, and new light elements for the eclipsing sys- 
ims TV Cas, XX Cas, BX And, WW Aur, and 
v UMa (Astron. J. 64, 468, 1959). 

| Mr. G. F. Kottler has worked out and tested a 
(rogram on the UNIVAC computer for harmonic 
alysis of the between-eclipse observations of the 
ight curve of an eclipsing star as a first step in the 
ectification, making use of observations supplied by 
dr. Binnendijk. 

Mr. Harry E. Heskett, of the Moore School of 
tlectrical Engineering, has continued work on a radi- 
meter to be used on solar studies in the 10-cm 
vavelength. 

In addition to University sources, various pro- 
rams have been aided by the National Science Foun- 
lation and by the Geophysics Directorate, Air Force 
vambridge Research Center. 


FRANK BraDsHAw Woop, Director 


xeorgetown College Observatory, Washington, 
1D. C, 


Research Work. The geodetic results obtained from 
he solar eclipse observations taken on expeditions in 
947, 1952, and 1954 were completed and submitted 
9 the U. S. Air Force. Along with these were two 
apers by Angel Baldini on the techniques for reduc- 
ag Hiran observations of long lines on the surface of 
he earth. The photoelectric observations that were 
1ade of the total eclipse at Khartoum in 1952 have 
lso provided a determination of the brightness of the 
un’s limb near 8000 A farther toward the edge than 
ny previous observations. 

Geodetic studies of the use of high-altitude flares 
ave replaced the work with solar eclipses. Weather 
onditions for solar eclipse observations have 
een rather discouraging. Twenty-two observatories 
iroughout the eastern part of the United States 
articipated in the first flare test that took place 
n March 22, 1960. With almost perfect weather 
onditions prevailing at all sites, observers had to 
bandon their long vigil when the rocket carrying 
1e flares failed. Procedures for the measurement 
nd reduction of flare photographs have been set up 
yr rapid processing and further attempts to launch 
successful flare will be made in the future. 

Jules de Kort, S.J., has completed a study of at- 
iospheric refraction at very low altitudes from meas- 
rements of photographs of the sun taken at Khar- 
uum in Africa, The apparent distortion of the solar 
nage very close to the horizon varies quite regularly 
ith the refraction correction derived from Radau’s 
bles. 

Spectroscopic studies of the atmospheres of the 
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sun and the planets have produced identifications of 
faint lines in the solar spectrum that will be pub- 
lished in the near future by the Bureau of Standards, 
and preliminary results from the interpretation of 
high dispersion spectra of Venus and Mars suggest 
the existence of nitrogen compounds but do not show 
the existence of water vapor and free oxygen in any 
significant amount. 

There has also been an extensive program in the 
measurement of lunar photographs for the U. S. 
Army Map Service. Dr. Alexander Corpaciu is also 
engaged in developing a new method for evaluating 
the constants for the moon’s libration. 

Matthew Thekaekara, S.J., and a group of grad- 
uate students have completed a study of the spectrum 
of neutral titanium, obtained with the electrodeless 
lamp. The results of this investigation will be pub- 
lished in the next few months. 

Equipment. During the past year the observatory 
has supplemented its Burroughs E 101 electronic 
computer with a dual tape input, a Friden Flexo- 
writer for preparing data and program tapes and a 
tape perforator for the output of the Telecordex that 
is coupled to the large measuring engine. With these 
new accessories it is possible to process measure- 
ments of star positions, spectra, moon photographs, 
and solar eclipse photographs five to ten times faster 
than previously. 

A 30-inch parabolic mirror of 15-foot focal length 
has also been acquired. It will be set up with one of 
the Wadsworth spectrographs for observation of 
high-dispersion spectra of the planets. 

Students. At present there are 25 graduate stu- 
dents taking courses in the department of astronomy. 
The teaching staff during the past year consisted of 
eight professors with specializations in the fields of 
astrophysics, celestial mechanics, practical astronomy, 
and geodesy. 

Contracts. Research programs carried out during 
the past year have been financed by the U. S. Army, 
the U. S. Air Force and the National Science Foun- 
dation. 

Publications. The Observatory staff have sub- 
mitted for publication five Special Technical Reports 
for the U. S. Air Force, four reprints from articles 
published in technical journals and three monographs 
to be printed as Georgetown Observatory publi- 
cations. 

Summer Conference. A summer conference on 
Astro-geophysics was held at Georgetown for profes- 
sors of physics, mathematics, and astronomy at Amer- 
ican colleges from August 1 to 24. Thirty-one pro- 
fessors attended. The conference was sponsored by 
the National Science Foundation and directed by 
M. Thekaekara, S.J., of the Observatory staff. 


Francis J. Heyven, S.J., Director 
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Goethe Link Observatory, Indiana University, 
Bloomington, Indiana 


Personnel. Dr. Goethe Link (Honorary Director), 
Professors Frank K. Edmondson (Director) and 
John B. Irwin, Associate Professors James Cuffey 
(Assistant Director) and Marshal H. Wrubel, and 
Lecturer Benjamin F. Peery, Jr., comprised the 
resident academic staff. Dr. Wilhelm Becker was 
Visiting Professor during most of the second se- 
mester under the sponsorship of the Foreign Visiting 
Professors Program of the National Science Foun- 
dation and the American Astronomical Society. Dr. 
Wrubel was promoted to a Professorship at the end 
of the year. 

Dr. A. M. J. Gehrels continued as Research Asso- 


ciate. 


Mrs. Beryl H. Potter and Mrs. Delores J. Owings * 


were full-time Research Assistants, and Mrs. Andree 
Schmalberger was a part-time Research Assistant. 
Mrs. Nancy J. Huber served as Secretary. 

The following students were part-time teaching 
and research assistants: Willet I. Beavers, John H. 
Evans, David Fischel, Choko Fujita, Elizabeth Lynn 
Hallgren, William T. Hughes, Melvin S. Kalish, 
Arlo U. Landolt, James Pellicori, Vern L. Peterson, 
Robert L. Pumfery, Rodney K. Riddle, Robert E. 
Samuelson, Thomas M. Teska, and Frederick R. 
West, Jr. 

Edward C. Olson and Irvin M. Winer held Uni- 
versity Fellowships. Donald C. Schmalberger held a 
National Science Foundation Pre-doctoral Fellow- 
ship. 

Marion Todd continued as Instrument Maker, and 
James Orr as Caretaker at the Goethe [tink Ob- 
servatory. 

Research, Cuffey completed his photometric work 
on NGC 2158, 6838, and 7492. Work on NGC 5466 
was very near completion. 

_ Numerous least-squares solutions were made with 
the IBM 650 at the Research Computing Center in 
connection with the analysis of Edmondson’s radial 
velocities of 11th magnitude K stars based on spectra 
taken at the McDonald Observatory. A paper on this 
subject was read at the fall meeting of the National 
Academy of Sciences which was held in Bloomington. 

Gehrels, assisted by Samuelson, carried on an ac- 
tive polarization observing program making use of 
the new Wollaston photometer. This work was done 
at the Goethe Link Observatory and at the McDonald 
Observatory. 

Irwin continued the work on reduction of his ob- 
servations of cepheids in galactic clusters. His sym- 
posium paper on this subject appeared in the Trans- 
actions of the International Astronomical Union, 
Moscow meeting. He completed an article on “Orbit 
determination of eclipsing binaries” for Vol. II of 
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Kuiper’s Stars and Stellar Systems. A paper entitl 
“Tables of least squares coefficients for visual binari 
and other binary star tables” is nearly ready f 
publication. 

Peery worked on the analysis of his observatio: 
of VV Cephei, which will form the basis of his = 
thesis at the University of Michigan. 

Wrubel and his students used the IBM 650 | 
investigate a number of astrophysical problems in t 
fields of stellar atmospheres, stellar interiors, a1 
solar physics. He presented a paper on “Line blen 
ing in stellar spectra” at the fall meeting of the N 
tional Academy of Sciences in Bloomington. 

Positions and magnitudes of 648 asteroids we 
published in the Minor Planet Circulars. Appro 
imate positions are published unless the object is | 
the critical list or we receive a special request f 
an accurate position. All magnitudes are measur 
with the Cuffey iris photometer in order to obtain 
much precision as possible. 

Mention of three major publications was ina 
vertently omitted from last year’s report: Wrube 
“A primer of programming for digital computer: 
published by McGraw-Hill, and his review arti 
“Stellar interiors,” published in Vol. 51 of the Han 
buch der Physik. Edmondson’s review article 
“Kinematical basis of galactic dynamics” was pt 
lished in Vol. 53 of the Handbuch der Physik. 

Teaching. Enrollment in the elementary course w 
196 in the first semester and 206 in the second. Su 
mer Session enrollment was 43. Advanced cour: 
included: Astronomical photography, Introducte 
astrophysics, Astronomical spectroscopy, Astrono 
ical photometry and optics, Stellar atmospheres, H 
dromagnetics, and Dr. Becker’s seminar (Integ: 
photometry of stars, its recent development a 
applications). 

Vern L. Peterson received the M.A. degree. 

Miscellaneous. The major development during 1 
year was a substantial increase in the amount of spz 
for the Astronomy Department. The Kirkwood C 
servatory Machine Shop was enlarged by adding 
wing to the building, and a considerable number 
machine tools were installed. Construction on 1 
addition to Swain Hall was so far advanced that 1 
Astronomy Department was permitted to occupy 
new quarters on the third and fourth floors in ea 
April. We now occupy 23 rooms on the third floor 
Swain Hall, of which five are faculty offices and : 
are graduate student offices. There is a large depa 
mental office, and also an office for two Reseat 
Associates. The remaining rooms are darkrooms a 
laboratory rooms for measuring equipment, etc. ] 
fourth floor, under the gable roof, is mainly devot 
to a 25-ft dome for a Spitz planetarium, with 
entrance lobby. There is a small office on this flo 
which can be assigned to Visiting Professors. All 
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the rooms in the new part of the building are air- 
conditioned, and air-conditioning has also been pro- 
vided for the darkrooms in the old part of the 
building. 

_ Edmondson, Irwin, and Wrubel participated in the 
AAS-NSF Visiting Professors Program. Edmond- 
son and Irwin attended the Dedication of the Kitt 
Peak National Observatory on March 15. Edmond- 
30n was appointed Vice-Chairman of the U. S. Na- 
tional Committee of the International Astronomical 
Union, and was also made a member of the Finance 
Committee for the 1961 meeting. He was also made 
1 member of the Sub-committee on Inter-American 
Astronomy. Wrubel returned from his sabbatical 
leave in September, 1959. Most of his time had been 
spent as National Science Foundation Senior Post- 
doctoral Fellow at the Max Planck Institute for 
Physics and Astrophysics in Munich. He attended 
he Liege Symposium on Stellar Structure and 
Stellar Evolution, and was Chairman of a Session of 
Sub-commission 29A of the International Astronom- 
cal Union in Brussels. He served as Chairman of the 
Reviewing Board for Fulbright and Smith-Mundt 
\pplications in Astronomy. 

Three Public Nights were held at the Goethe Link 
Jbservatory, with lectures by Peterson, Schmal- 
yerger, and Winer. Colloquium speakers included: 
3ehr, Cox, Kraft, Ledoux, Lyttleton, Prendergast, 
Xutllant, Schalen, and Swihart. Participants in the 
National Academy of Sciences Symposium on Radio 
Astronomy were: Giordmaine, Maxwell, Minkowski, 
Jort, and Tuve. Other visitors included: Bohme, 
sarpenter, Hatanaka, Herget, Kiess, Middlehurst, 
nd Morgan. 

FRANK K. Epmonpson, Director 


darvard College Observatory, Cambridge, Massa- 
chusetts 


PERSON NEL 


Professors Donald H. Menzel, Max Krook, A. 
“dward Lilley, Cecilia Payne-Gaposchkin, Fred L. 
Nhipple, and Dr. David Layzer served as the Har- 
ard College Observatory Council during the year. 

Lilley became Associate Professor of Astronomy in 
anuary 1960. New appointments to be effective in 
uly of 1960 were announced in the spring: Dr. Leo 
xoldberg to become Higgins Professor of Astron- 
my; Dr. William Liller, Professor of Astronomy ; 
nd Dr. Layzer, Professor of Astronomy, Dr. Ger- 
ard R. Miczaika resigned at the close of 1959. 

Dr. P. L. Bhatnagar, of the Indian Institute of 
cience in Bangalore, lectured at Harvard during the 
pring term. The National Science Foundation spon- 
ored his stay through a grant to the American 
\stronomical Society for its program of Foreign 
isiting Professors in Astronomy. 
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Visitors to the Observatory included Dr. Lawrence 
Aller, University of Michigan Observatory ; Dr. Wil- 
liam A. Baum, Mount Wilson and Palomar Observa- 
tories; Dr. H. Bondi, University of London; Dr. 
J. S. Greenhow, Jodrell Bank Experimental Station; 
Dr. P. Ledoux, Institute of Astrophysics, Liege; Dr. 
R. A. Lyttleton, St. John’s College, Cambridge; Dr. 
Marcel Nicolet, General Secretary, International Ge- 
ophysical Year; Dr. Otto Struve, National Radio 
Astronomy Observatory; Dr. Thornton Page, Van 
Vleck Observatory; Dr. Martin Schwarzschild, 
Princeton University Observatory; Dr. Carlos M. 
Varsavsky, University of Colorado; and Dr. V. V. 
Vitkevich, U.S.S.R. Academy of Sciences. 


EQUIPMENT 


At the George R. Agassiz Station a three-level 
solid-state maser was constructed and is in daily 
operation on the 60-foot radio telescope. The maser 
has been converted to multichannel operation, en- 
abling a significant increase in observing efficiency. 
The sensitivity of this equipment at 21 cm is unex- 
celled, permitting the detection of many objects previ- 
ously beyond the limit of other radio telescopes. 

A spectrograph for the Cassegrain focus of the 
61-inch telescope is under construction at Boller and 
Chivens, Inc., and will be completed this fall. The 
spectrograph will have a Bausch and Lomb plane 
grating with 600 grooves/mm, first-order blaze 7500 
A and blaze angle 13°00’. A newly designed observ- 
ing platform will allow operation of the telescope at 
the Cassegrain focus from the north side, and a new 
Cassegrain mirror has been ordered from J. W. 
Fecker Company. 

At the Radio Astronomy Station in Fort Davis, 
Texas, a sweep-frequency receiver operating in the 
range 2.1-3.9 kMc/sec was put into routine operation 
in February. This receiver uses one of the new back- 
ward wave oscillators, and increases the frequency 
range of the solar radio spectrum analyzer to 5.5 
octaves : 25-580 Mc/sec, 2.1-3.9 kMc/sec. A number 
of solar bursts have been recorded over this range. 

Preparations have begun at the Station for the 
procurement and installation by the Air Force of an 
85-foot radio telescope, which should be in operation 
about May 1961. Initially, about 60% of the observ- 
ing time will be devoted to solar radio emissions, 
while the remainder of the time will be spent on non- 
solar projects. 

At Sacramento Peak, major reconstruction of parts 
of the six-inch coronagraph and the patrol coronal 
spectrograph yielded significant gains in the quality 
and uniformity of observational data. A servo control 
to rotate the patrol dome was designed and installed. 
George K. Schnable designed a K camera that has 
been constructed and mounted on the 26-foot spar. 
This instrument, a white light photoheliograph, with 
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a 70 A passband centered near 3950 A, will fill an 
important need in the program at Sacramento Peak 
by providing high-resolution photographs of the con- 
tinuum radiation of flares, sunspots, plages, and 
granulation. 


RESEARCH 


Dr. Cecilia Payne-Gaposchkin continued her re- 
search on the color, brightness, and form of the light 
curve of Cepheids. She studied R Coronae Borealis 
and RV Tauri stars, and is working on two manu- 
scripts : “Variables and evolution of the galaxy,” and 
“Novae-supernovae and the birth of stars.” 

Dr. Sergei Gaposchkin completed measurements of 
the following spectra: the Wolf-Rayet stars y Vel- 
orum and ¢ Puppis; two eclipsing binaries; and the 
Cepheids 8 Doradus, x Pavonis, and L, Carinae. He 
continued work on the two-dimensional distribution 
of the stars in the globular clusters » Centauri and 
47 Tucanae, and on their colors and magnitudes. 

Dr. Gerald S. Hawkins reopened a discussion of 
the static solutions in cosmology. Einstein assumed 
the universe was a uniform fluid with positive pres- 
sure; de Sitter assumed the pressure was zero. 
Hawkins showed that a third static solution is pos- 
sible, if a negative pressure is assumed, equal in 
relativistic units to the mean density. Although this 
solution is mathematically valid, only observational 
data can determine whether it describes the actual 
universe of galaxies. The critical parameter to deter- 
mine is the mean density of the universe. This third 
solution predicts a redshift that is directly related to 
the mean density and increases quadratically with 
distance. 

Krook continued his studies in the fens theory 
of neutral and ionized gases and in the theory of 
stellar atmospheres. 

Layzer further developed his screening theory of 
‘complex spectra, and, in association with John Bah- 
call, extended the theory to take into account rela- 
tivistic effects. With Dr. Carlos Varsavsky, he con- 
tinued work on applying this theory to the problem 
of electric-dipole transition probabilities. 

Layzer formulated the fundamental equations of 
his microscopic theory of ionospheric cross-modula- 
tion as integral equations, to avoid certain earlier 
difficulties with boundary conditions. He developed 
an improved criterion for the onset of turbulence 
resulting from shear flow in a stably stratified atmos- 
phere. This criterion forms the basis of a new theory 
of discrete reflecting layers (in particular, sporadic- 
E) in the. earth’s upper atmosphere. 

Under the sponsorship of the National Aeronautics 
and Space Administration, Lilley and Professor Dirk 
Brouwer of Yale University co-direct a project to 
measure the distance from the earth to the sun by 
radio astronomical techniques. The accuracy of this 
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distance is particularly important to space scientists 
who need the scale of the solar system in miles for 
the navigation of space probes. 

At Agassiz Station, the research group, using the 
new three-level solid-state maser and the 60-foo! 
radio telescope, discovered about 50 new radio stars 
and ‘investigated the 21-cm hydrogen-line emissior 
from galaxies. This program is sponsored by ys 
National Science Foundation. 

Under Lilley’s direction, and with Air Force sf 
port, radio telescopes have been designed and con: 
structed for transportation in rocket probes and satel 
lites. A number of these radio telescopes are noy 
being prepared for use in the Midas and Samg 
satellite programs. 

Dr. Gerard de Vaucouleurs, supported by grant 


from the National Science Foundation, continued hi 


studies of bright galaxies. Isophotes and photometri 
profiles of about 50 galaxies south of declinatioi 
—35° were derived by Miss J. Page from photo 
graphs taken by de Vaucouleurs with the 30-inch an 
74-inch reflectors of Mount Stromlo Observatory. H 
published a new determination of the rotation an 
mass of the Large Magellanic Cloud from opticé 
radial velocities of emission nebulosities observed i 
1956 with the Zeiss spectrograph of the Mour 
Stromlo 74-inch, and a reduction to the B, V syster 
of all previously published data on the luminosity an 
colors of the Magellanic Clouds. A general discussio 
was completed of the integrated colors in the U, £ 
V system of 148 bright galaxies observed at Flagstai 
by de Vaucouleurs and H. L. Johnson and at Mout 
Wilson by W. G. Tifft. 

From an analysis of radial velocities, de Vaucot 
leurs concluded that the nearby Sculptor group he 
positive total energy and may constitute an expanc 
ing association of the type predicted by Ambar 
sumian. A discussion of the apparent density of ma’ 
ter in groups and clusters of galaxies emphasizes tk 
seriousness of the conflict between statistical mass¢ 
obtained from the virial theorem and the averag 
masses derived from internal rotation. 

With support from the National Science Found: 
tion, de Vaucouleurs started work on a Reference 
Catalogue of Bright Galaxies, based on the classic: 
Harvard Survey of 1932 (Shapley-Ames Catalogue 
The new catalogue will include all revisions, corre 
tions, and additions accumulated since 1949 from h 
examination of the plate collections at Mount Wilso: 
Palomar, Lick, Mount Stromlo, Harvard, and els 
where. The final catalogue will contain homogeneot 
data on galaxy types, diameters, magnitudes, color 
spectral types, radio emission, and radial velocitie 
as well as extensive notes for more than 1500 ga 
axies generally brighter than the 13th magnitud 
The revised catalogue should be ready for publicatic 


1961 and will probably appear as a volume of the 
arvard Annals. 

A grant from the American Philosophical Society 
“tpported continual star counts in M33 based on 
jates taken by de Vaucouleurs in 1955 with the 
_)-inch astrograph of Lick Observatory. This study 
“ill give new information on the luminosity function 
| supergiants (I@<—4) in the galaxy as a whole 
‘ad in its various regions; the results will be com- 
vared with a recently published isophotic map de- 
_ved by direct photoelectric scanning. 

De Vaucouleurs and Mrs. A. de Vaucouleurs 
erived a definitive photographic light curve of Nova 
‘723 Scorpii 1952 from photographs taken at Mount 
‘tromlo in 1952 and a photoelectric sequence meas- 
red at Flagstaff in 1958. 

_ Whipple continued as Professor of Astronomy at 
Harvard and as Director of the Smithsonian Astro- 
jhysical Observatory. Besides directing the various 
aeteor projects, he has continued his research on the 
jature of the cometary nucleus. 

Meteor Research. The meteor project, under the 
lirection of Whipple and Dr. Richard E. McCrosky, 
eceived continued support from the Air Force. Mc- 
crosky, in cooperation with the Pilot Chemical Com- 
vany of Watertown, Massachusetts, continued studies 
m the development of a plastic prism for routine 
»hotography of the spectra of faint meteors. The 
‘esulting observations would permit, for the first 
‘ime, a statistical study of some of the physical as- 
sects of meteoric phenomena. 

McCrosky, with Mrs. A. Posen, has completed an 
analysis of the orbits of meteors photographed in 
1952-1955. 

Dr. Allan F. Cook has analyzed meteor trains to 
letermine upper atmospheric winds and the structure 
and mass of meteors. He studied the propagation of 
gravitational waves upward from the tropopause as 
2 possible explanation for the observed winds (a 
nechanism suggested by C. O. Hines of the Defense 
Research Board of Canada). Cook, with Dr. Peter 
Millman of the National Research Council of Canada, 
sompleted an analysis of the spectrum of a very slow 
neteor photographed from the meteor stations of the 
Dominion Observatory at Newbrook and Meanook, 
Alberta, in 1952. 

Cook and Fred A. Franklin have nearly completed 
4 repetition of J. C. Maxwell’s investigation of the 
stability of Saturn’s rings. They have corrected an 
error in his analysis and introduced the effect of the 
viscosity produced by collisions of the ring particles 
with one another. Franklin is reducing observations 
of Saturn and its rings, obtained during the 1959 
\pposition at the Boyden and the Lamont-Hussey 
Observatories at Bloemfontein. 

Cook and Hawkins published an analysis of the 
moving radar head echo that is associated with two 
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bright meteors, and validated the suggestion of Mc- 
Kinley and Millman that these echoes are caused by 
photoionization of the air by meteoric radiations. 
Molecular oxygen is probably the ionized constituent. 
A dissociative recombination coefficient of approx- 
imately 2X 10-cm*sec™ is required. 

Dr. Frances W. Wright completed for publication 
a detailed account of her observation concerning the 
mean radiant paths of photographic meteor showers, 
based on a survey of twelve showers photographed 
at Harvard. 

The orbital elements of 360 meteors reduced in the 
Short Trail program, tabulated by Hawkins and 
Richard B. Southworth, will serve as a reference for 
future investigations of meteor dynamics, and have 
already yielded a study of the statistics of meteor 
streams. Using a nonsubjective selection criterion, 
they found that 16% of this sample belonged to 
major streams and 41% belonged to loose associa- 
tions which they call minor streams. They conclude 
that, with sufficient data, the majority of meteors 
could be traced to a cometary origin. 

Dr. L. G. Jacchia and Whipple have completed 
their analysis of 414 accurate photographic meteor 
orbits. These results, demonstrating the cometary 
origin of practically all photographic meteors, also 
indicate that the lifetimes of meteoroids in space are 
quite limited, at most of the order of 1000 or so 
revolutions. 

Hawkins found that there is a smooth distribution 
in numbers and sizes of asteroids, fireballs, and me- 
teorites. The mass distribution is the same as that 
produced in rock-crushing processes under conditions 
of “over-grinding.” He concludes that asteroids and 
meteorites have undergone many collisions in space. 
The influx rate of meteorites is such that one object 
weighing 4000 tons or more strikes the earth per 
century. 

The Harvard radio meteor project, under the 
direction of Whipple, Hawkins, and project engineer 
E. Stuart Fergusson, continued its construction pro- 
gram. Radio echoes are now being obtained from 
meteors at the Long Branch Field Station in Havana, 
Illinois. 

Planetary Atmospheres. Menzel directed research 
on planetary atmospheres. Under contract with the 
Air Force, Menzel, de Vaucouleurs, and Hector C. 
Ingrao investigated the technical problems of high- 
resolution photography and spectroscopy of the plan- 
ets by means of telescopic systems in both manned 
and unmanned balloons. Under the sponsorship of the 
Smithsonian Astrophysical Observatory, Ingrao and 
Alan Krasberg are using the knife-edge test to in- 
vestigate the figure of a Pyroceram mirror after the 
mirror has been subjected to temperature changes in 
the range expected in balloon flight. A comparison in 
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the mechanical-thermal properties in Pyroceram and 
in quartz will be made for a balloon-borne telescope. 

G. and A. de Vaucouleurs analyzed the astrometric 
data of the occultation of Regulus by Venus from the 
visual and cinematographic observations, obtained by 
the Harvard expeditions, from published data from 
other stations, and from photoelectric observations of 
ingress at Le Houga and Bloemfontein. The main 
results were reported at the Pittsburgh meeting of 
the A.A.S. by Menzel and de Vaucouleurs. The at- 
mospheric scale height at altitude z,—2.~65-/0 km 
above the cloud layer (g.~ 25-30 km) is H(2,)=6.8 
+0.2 km; it increases with altitude about 1% per 
km; the corresponding temperature, given by T=7.0 
m, is T(2,)=297210°K f.m=425 (CO, 020 ai, 
=0.09, A+others=0.01) and dT/dz~+3° km. 


The total pressure at 2, p(2))=2.6+0.13 dyne cm”’,. 


is consistent with an atmospheric model in which 
p (2) ~ 160-170 mb at the cloud and p(0)=2 to 3 
atm at the surface. 

To meet the need for an accurate standard map of 
Mars, de Vaucouleurs and his group have produced 
a detailed compilation of basic areographic coordi- 
nates of surface details using all available visual and 
photographic observations from 1909 to 1954. Over 
2300: determinations were collated from more than 
12 000 observations from 49 different sources. These 
observations were recorded on punch cards and will 
be used for the derivation of improved areographic 
coordinates of several hundred well-defined points of 
the Martian surface. 

More than 2300 measurements of the areographic 
coordinates of over 500 points were also obtained by 
R. Wright and Mrs. O. Kojan from the*visual ob- 
servations made by de Vaucouleurs -at the Lowell 
Observatory during the 1958 opposition. The data, 
recorded on punch cards, were reduced by the com- 
puting section of the Jet Propulsion Laboratory, 
Pasadena. 

_ Over 6000 photographs of, Mars, secured by Dr. 
R. B. Leighton in 1956 with the Mount Wilson 60- 
inch reflector, were used by Mrs. L. Hudson to pre- 
pare 740 enlarged composite prints on film. Some of 
the photographs of 23 August 1956, taken when the 
seeing was nearly perfect for over one hour, are 
among the best on record. Accurate areographic 
coordinates of surface and atmospheric details will 
be measured on these photographs. 

Under the sponsorship of the Air Force and later 
of NASA, Menzel and Ingrao are studying infrared 
instrumentation in order to make heat maps of the 
moon and planets by thermal photography. Some 
preliminary results have been obtained by evapara- 
graph and condensograph techniques. 

Solar Studies. Menzel continued to direct various 
aspects of solar research under contract with the Air 
Force Cambridge Research Center. 
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In Cambridge, Lowell Doherty, working w 
Menzel, investigated problems of the solar atmo, 
phere and corona. They found that Lyman-a lit 
absorption contributes strongly to the opacity of # 
atmosphere, and that it exceeds the absorption | 
atomic hydrogen and the negative hydrogen ion, : 
the spectral region between the Lyman limit ar 
approximately 2000 A. In the absence of other soure 
of opacity, therefore, the Stark-broadened wings | 
Lyman-a determine the intensity profile of the sol: 
spectrum over most of this region. Calculations wii 
simplified models of the atmosphere showed that tl 
continuum for wavelengths less than 1800 forms : 
regions higher in the atmosphere than does the visa 
continuum, so that fewer atoms lie above the effecti 
emitting layer in the ultraviolet than lie above # 
visual photosphere. For this reason, Lyman-e absory 
tion may explain the weak or absent Fraunhof 
spectrum found in rocket observations of the ultr. 
violet. 

Dr. Barbara Bell investigated relations betwee 
geomagnetic activity and 580 major (importan 
=2*) solar flares observed in 1937-1959, and ga 
particular attention to the magnetic type and tl 
location of the flaring spot group. She found that 
major flare occurring in association with a ma) 
netically complex (y or By) spot group is much mo 
likely to be followed by a great geomagnetic stor 
than is a similar flare in a unipolar or simple bipol: 
group. Great-storm flares show the expected co 
centration toward the central regions of the sol 
disk, and also an unexpected concentration in 1 
northern solar hemisphere. In the 23 years studie 
northern spot groups produced 62% of all observ: 
major flares, and 86% of the flares were follow 
within three days by a great geomagnetic storm. Th 
north predominance of great-storm flares appea 
about equally in each of the three sunspot maxin 
covered, and apparently is not related to the 11- | 
22-year solar cycle. 

Dr. Alan Maxwell remained in charge of the Rad 
Astronomy Station at Fort Davis, Texas. This st 
tion has now maintained continuous spectral rad 
observations of the sun since October 1956, and h 
secured an extremely comprehensive record of sol 
radio activity over that period. 

The relation of solar radio bursts to cosmic rays: 
both the modulation of galactic cosmic rays by t 
magnetic fields pervading the interplanetary plas 
and the low-energy cosmic rays emitted from t 
sun—has been examined in some detail. The spe 
tacular continuum (type-IV) outbursts, believed 
be generated by a synchrotron process in the sol 
atmosphere, have been shown to be closely related 
the emission of low-energy cosmic rays from the sv 
These cosmic rays impinge on the earth’s atmosphe 


“out one hour after the initiating flare on the solar 
sk. 

During the year, a comprehensive report was pre- 
red especially for the Rome Air Development 
enter concerning the interference of solar radio 
/nissions with radio and radar equipments. The main 
‘sults of this analysis will be published in a regular 
entific journal. 

| At Sacramento Peak, the Harvard solar project 
yntinued its intensive patrol of active solar phenom- 
‘ta. Solar activity has continued at a high level, two 
tars beyond the maximum of the current sunspot 
cle. For example, the Zurich provisional sunspot 
jamber on 29 August 1959 exceeded 300, while on 
| September 1959, the Sacramento Peak observers 
omputed an index of nearly 700, the highest value 
ver reported at this station. In late November, an 
‘itensively active region was observed in the course 
‘fa week to produce two flares of importance 3, and 
our of importance 2, 

| Dr. Elske v. P. Smith extended her observations 
ind analysis of Balmer lines in the chromosphere and 
f ionized calcium lines in plages. She continued her 
igital computer program for automatic reduction of 
pectrophotometric data. Donald Carson made an 
atensive study of high-speed flare patrol movies, and 
‘egan comprehensive study of the relation between 
laytime seeing and environmental temperatures (in- 
luding the use of sounding balloons). Howard De- 
Mlastus, with Marion Wood of the National Bureau 
if Standards, examined notable cases of radio fade- 
mts occurring in the absence of observed flares. 
Nilliam Booton prepared a number of pictorial dis- 
lays of unusual solar phenomena observed by the 
roject, including a unique compilation showing the 
norphology of 200 limb flares. Booton and DeMastus 
nvestigated the intermittency effect in exposing rou- 
ine coronal spectrograms, and found the effect 
legligible. 


DEPARTMENT OF ASTRONOMY 


Professor Payne-Gaposchkin continued as Chair- 
nan. Twenty-one graduate students were in residence 
luring the academic year. Paul W. Hodge and 
Robert J. Davis received Ph.D. degrees in March 
960, and Richard B. Southworth received an A.M. 
legree. 


MISCELLANEOUS 


Layzer received the second biennial award of the 
sart J. Bok Prize in May 1960. The prize was given 
or his research paper, “On a screening theory of 
tomic spectra.” 

Construction of a new space research building 
Togresses steadily on Observatory Hill. The Smith- 
onian Astrophysical Observatory and the Harvard 
)bservatory will share the building and its facilities. 
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High-speed computing equipment, laboratories, shop 
areas, and offices will use the 40000 sq ft of floor 
area. The ground-breaking ceremony took place on 
January 11 and a cornerstone ceremony was held 
April 15; occupancy is hopefully anticipated in early 
1961. 

During the construction, the series of Open Nights, 
held under the direction of Dr. Wright, was curtailed. 

The annual meeting of the Boyden Administrative 
Council, of which Menzel continues as Chairman, was 
held in August 1959 at Stockholm. 

A bibliography of Observatory reports and publi- 
cations for the year July 1959 to June 1960 will be 
available in late fall on request from the Librarian, 
Harvard College Observatory. 


Donatp H. MENZEL, Director 


High Altitude Observatory of the University of 
Colorado, Boulder and Climax, Colorado 


Personnel. On July 1, 1960, W. O. Roberts ac- 
cepted the directorship of the University Corporation 
for Atmospheric Research. A new National Center 
for Atmospheric Research will be organized by the 
Corporation under the sponsorship of the National 
Science Foundation. Dr. Roberts continues as di- 
rector of the High Altitude Observatory and head of 
the Department of Astro-Geophysics. R. Grant Athay 
has been named as associate director of the Observa- 
tory and Donald E. Billings has been named as asso- 
ciate director of the Department of Astro-Geophysics. 

Harold Zirin has just recently departed for a six- 
months visit to the Crimean Observatory, U.S.S.R., 
under an exchange program with the Soviets. A. 
Boyarchuk of the Crimean Observatory will visit the 
University of California as the Soviet member of the 
exchange. Christiaan Heynekamp, from Utrecht, 
joined the Observatory staff in June 1960. Norman 
Macdonald left the Observatory staff during the year 
to join the staff of AVCO. William Curtis resigned 
as chief observer at Climax to become a graduate 
student in the Department of Astro-Geophysics of the 
University of Colorado. He was replaced by Keith 
Watson, an experienced observer. Herbert Richie 
joined the staff at Climax. Other additions to the 
technical staff include Mrs. Diane Gordon, Mrs. Dee 
Henderson, Richard Skerjanec and C. W. Davidson. 

Dr. Sydney Chapman continued to divide his time 
between the Observatory and the Geophysical Insti- 
tute, University of Alaska. 

Hans Diitsch from the Light Climatic Observatory, 
Arosa, Hermann Schmidt of the Fraunhofer Insti- 
tute, Munich, G. A. M. King of New Zealand and 
Teresa Fortini of the Astrophysical Observatory of 
Rome have spent the major part of the year at the 
Observatory. Dr. Diitsch’s visit was supported by the 
National Science Foundation, and Dr. Fortini’s visit 
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was sponsored by the International Cooperative Ad- 
ministration under the National Academy of Sciences, 

Two scientists, Malcolm Correll of De Pauw Uni- 
versity and Walter Steiger of the University of 
Hawaii, spent sabbatical leaves at the Observatory 
during the year. Summer visitors included Julius 
London, Max Woodbury, Michael Yanowitch, Dino 
Zei, N. K. Williamson, and M. Fullerton. Other 
visitors included Harlow Shapley, Harlan Smith, 
John Firor, Robert Leighton, A. Elwert, and Marsh- 
all Wrubel. 

Visitors to the World Data Center included Dr. 
Boris Valniczek, Ondrejov Observatory; Dr. and 
Mme. Vassy, Paris; Dr. Kyo Sekihara, Tokyo; Mr. 
Eugene Greenstadt, Space Technology Lab.; Mrs. P. 
Langdorf, Rome AFB; Dr. S. F. Smerd, C.S.1.R.O., 
Australia; Miss Doris Jelly and Dr. Irvin Paghis, 
D.R.T.E., Ottawa. 

Dr. J. A. Van Allen conducted the Observatory’s 
Annual Research Review. 

Scientific Equipment and Facilities. A new build- 
ing to house the High Altitude Observatory and 
Department of Astro-Geophysics was completed and 
occupied in August, 1960. Funds for the building 
were contributed by the University of Colorado and 
a number of private donors including the Max C. 
Fleischmann Foundation of Nevada. 

Work on the large-aperture coronagraph and spec- 
trograph for use at Climax continued under the sup- 
port of the National Science Foundation and private 
contributions, The smaller coronagraph and spectro- 
graph at Climax and the K-coronameter continued to 
serve as basic research instruments. A new flare 
camera has been installed at Climax for studying 
flares and related limb phenomena with high time 
and spatial resolution. The instrument automatically 
alternates limb and disk exposures on 70-mm film. 
In this way, the two images may be superposed to 
obtain a composite picture of the limb and disk 
events, Exposure times are about 0.01 sec. 

A zodiacal-light photometer was installed at Fritz 
Peak and an observing program initiated. Prelim- 
inary results indicate a serious impairment to the 
observing conditions as a result of scattered light 
from the city of Denver, located southeast of Fritz 
Peak. It is contemplated that the equipment will be 
transferred to a site on Mt. Haleakala, in Hawaii, 
where it will be operated in cooperation with the 
University of Hawaii. 

The radio sweep-frequency interferometer at HAO 
has been in operation throughout the year observing 
solar, planetary, and galactic radiation over the spec- 
tral range 18 to 38 Mc. The spectral range will be 
extended to 8 Mc in the near future. 

The Department of Astro-Geophysics of the Uni- 
versity of Colorado is staffed by personnel of the 
High Altitude Observatory. The Department has 
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grown considerably, with fourteen graduate student) 
working for Ph.D.’s during the past year and abot) 


R. Johnson received his Ph.D. this summer unde 
Athay’s supervision. 
International Conference on Solar-Weather Rel) 


on solar-weather relationships was held at Arrow 
head, California, under the joint sponsorship of 
American Geophysical Union, the High Altitude O 
servatory and the Geophysical Institute of the Uni 
versity of California at Los Angeles. Support for th] 
meetings was given by the National Science Founda} 
tion. Delegates from the United States, Japan, Aus| 
tralia, France, Czechoslovakia, Germany, Switzerlang} 
and Canada attended the seminar. A report of thi 
meetings is being prepared by Paul Julian of HAC) 


RESEARCH PROGRAMS 


Active Region Analysis. The compiling and report} 
ing of current solar activity on a weekly basis com 
tinues to occupy a part of HAO’s activity. The de 
mand for these reports, prepared by Dorothy Trottet 
from workers in both geophysics and astrophysics 1 
continually expanding into new avenues of research! 
The reports are compiled in cooperation with thi 
Sacramento’ Peak Observatory and Central Radi 
Propagation Laboratory of the National Bureau 0 
Standards. ; 

IGY World Data Center A for Solar a 
located at HAO and supervised by Richard Hanser 
has continued its operation under IGC. Daily map; 
of the sun during IGY exhibiting the various phe 
nomena of solar activity in a four-color presentatior 
are in the process of preparation. These maps will be 
published in the [GY Annals by Pergammon Press 

Coronal Physics. An intensive study of the physica 
properties of the corona through the analysis of line 
profiles and intensities has been carried forward bj 
Billings. Both the structure and the variations 0: 
line widths with height in the active regions sugges’ 
the influence of magnetic fields. A systematic out- 
ward decrease of kinetic temperature beginning ai 
about the 25 000-km level has been discovered from 
the line-profile analysis. In one well-observed active 
region, the outward decrease of temperature was 
about 6° K per km, which is near the expected adi- 
abatic rate. 

Zirin and John Firor, of Carnegie Institution, are 
carrying out a study of the infrared coronal lines 
using image-tube techniques for the observations 
The program has not been completed although som« 
successful observations have been obtained. 

Newkirk has continued his studies of coronal struc: 
ture using the white-light K-coronameter. His anal. 
ysis of the structure of coronal condensations has lec 
to a new model of coronal densities and a new inter- 


tation of the slowly varying component of 21-cm 
dio-noise flux. 

Prominence and Flare Physics. Harold Zirin, with 
fe aid of the Climax observers, has continued his 
‘lectroscopic analysis of flares and prominences. Def- 
vite evidence has been found for a discontinuous 
‘ange of spectral type among flares and prominences 
| opposed to a continuous gradation. In flares and 
itive region prominences, the spectrum is character- 
ed by a pronounced strengthening of the lines of 
Jer and Heri relative to the metal lines. In other 
pes of prominences, the metal lines are strong and 
le helium lines weak. This is suggestive of the 
mperature plateaus of the chromosphere proposed 
y Athay and Thomas several years ago. 

On several occasions Zirin has observed both the 
4686 and A5411 lines of Heit in flares and active 
sion prominences, The relative intensities of the 
ides are consistent with the hypothesis that the he- 
um atoms are primarily doubly ionized, and that the 
fert spectrum is formed by recombination. If this 
‘ypothesis holds up, it is strong supporting evidence 
yr high kinetic temperatures in these solar features. 
jidence has also been found for a gradient of tem- 
‘erature within active region prominences giving rise 
» a separation in the physical location in the prom- 
ence at which lines of different excitation conditions 
figinate. 

| Athay has worked in collaboration with Gail More- 
yn on the interpretation and description of the high- 
peed flare events photographed so successfully at 
ue Lockheed Solar Observatory this past year. The 
bservations and their interpretation reveal a new 
lynamic aspect of the flare phenomenon, and give 
trong visual and theoretical evidence for the ejection 
f corpuscular clouds from the flare during an “ex- 
losive phase.” 

| Chromospheric Physics. A monograph entitled 
'Physics of the chromosphere” has been completed 
iy Athay and R. N. Thomas of the National Bureau 
Standards. It will be published by Interscience 
Press in December, 1960. An extensive program of 
omputations on the excitation of helium lines in the 
hromospheric spectrum has been completed by 
\thay and Johnson; the later stage of the program 
rovided the basis for Johnson’s thesis. The results 
if this program show conclusively that the Her 
‘pectrum is formed in regions in which the kinetic 
emperature is in excess of 40 000° K. 

| Work on source functions and problems related to 
he computation of equilibrium populations of atomic 
‘nergy levels has been carried out by Athay, O. R. 
White, and L. L. House. A program has been com- 
‘leted and successfully applied by White and House 
or machine computation of populations of atomic 


ergy level. 
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Spicule observations at Climax have been extended 
to the H line and the infrared triplet of Carr in an 
attempt to explain the anomalous broadening of the 
K line of Carr. Analysis of these observations is being 
carried out by Athay. 

An eclipse expedition to the Canary Islands to 
observe the October 1959 total eclipse was thwarted 
by bad weather even though the site had good 
weather for about 80% of the days during which the 
eclipse party was present. 

Radio Noise Studies. Warwick has successfully 
observed a variety of solar events with the long- 
wavelength sweep-frequency interferometer. Bursts 
of different types (II and III) and continuum (type- 
IV) emission have been observed on numerous occa- 
sions. The type-IV events show a strong correlation 
with polar cap protons and geomagnetic disturbances. 
Further analysis of these observations is in progress. 
Warwick has also detected radiation from Jupiter 
and found an apparent association with solar radio 
noise events. 

Atmospheric Dynamics. Dr. Bernhard Haurwitz 
has investigated the origin and further development 
of an atmospheric circulation which is driven by a 
temperature difference caused by differential heating. 
The resulting motion and the variation of the tem- 
perature difference were considered with and without 
the effect of friction. 

He has also carried out a study of the hydrody- 
namic mechanism of waves observed in noctilucent 
clouds at the top of the mesosphere which showed 
(1) that these waves may be considered as gravity 
waves at an interface, (2) that the wave motion may 
be quite different from the air motion in each layer, 
(3) that the observed billows can be explained as 
the result of horizontal divergence and convergence 
caused by the wave motion. 

Haurwitz has also discussed the solar semidiurnal 
winds in the layer between 80 and 100 km. The statis- 
tical measure of their reliability was computed and 
used for discussing the reliability of the observed 
variations of these periodic winds with altitude and 
with season. 

Ozone Research. Hans Dittsch has carried out an 
analysis of nighttime observations of atmospheric 
ozone obtained from lunar observations at Arosa, 
Switzerland. His work has led to an explanation for 
the secondary ozone layer at about 70 km as a night- 
time recombination of atomic oxygen. The sudden, 
pronounced stratospheric warming of January 1958 
has been studied by Dititsch in connection with the 
total ozone content of the atmosphere. The ozone 
content was found to rise along with the rise in 
stratospheric temperature. 

Solar-W eather Research. A study of the relation- 
ship between sudden-commencement geomagnetic 
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storms and the development of high-altitude troughs 
in the terrestrial atmosphere carried out previously 
by Roberts and Macdonald was extended to include 
an additional year’s time. The study was carried out 
independently by Macdonald and by Dr. Paul Julian 
using different criteria for the selection of key days. 
The relationship discovered earlier, in which troughs 
appearing in the Aleutian Island area three to four 
days after sudden-commencement storms tend to 
develop to larger than average size, was confirmed 
by both of these latter studies. A similar investigation 
carried out by the Canadian Department of Trans- 
port also tended to confirm the earlier conclusions. 

Julian also carried out an analysis of Colorado 
River flow data and precipitation data in the Colo- 
rado basin. Although the two sets of data are related, 
they show no simple correlation to solar activity and 
no significant correlation from year to year, 

Geomagnetism and Aurora Borealis. Dr. S. Mat- 
sushita has continued his intensive study of geomag- 
netic storms using the IGY network of rapid- 
recording stations. His studies have paid particular 
attention to the details of the sudden-commencement 
storm variations. He has concluded that the equa- 
torial electrojet has two components at different alti- 
tudes and flowing in different directions. 

A book on the IGY by Chapman has been pub- 
lished by the University of Michigan Press. He has 
continued his studies of the interplanetary gas—the 
extension of the solar corona—and its relation to the 
earth’s outermost atmosphere. With S-I. Akasofu he 
has studied the sudden commencements of magnetic 
storms and magnetic pulsations. They have together 
produced a new theory of the aurora polaris. 

Balloon Project. Gordon Newkirk is conducting a 
research project from high-altitude balloons. The 
project has two major goals: (1) to study the sky 
brightness near the sun to see how it relates to meteor 
showers, and (2) to attempt direct photography of 
the solar corona against the:dark sky obtainable at 
high altitude. 

A manned flight was made by Robert Cooper of 
HAO and Cmdr. Malcolm Ross of the Navy in 
August 1959. This flight was only partially success- 
ful, but it paved the way for the unmanned flights 
now being carried out. 


R. Grant AtHay, Associate Director 


University of Illinois Observatory, Urbana, Illinois 


Personnel. During the year 1959/60, the perma- 
nent senior staff consisted of Dr. G. C. McVittie, 
Dr. S. P. Wyatt, Dr. I. R. King, Dr. A. J. Meadows, 
and of Dr. G. W Swenson, Jr. who held half-time 
appointments in Electrical Engineering and Astron- 
omy. There were four graduate students working for 
the Ph.D. in Astronomy. 
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Radio-Astronomy Project. The construction of tl} 
600 400-ft parabolic cylinder radio telescope, dj 
signed by Swenson, began on September 3, 1959, Tij 
next two months were spent in clearing trees a 
brushwood from the ravine which is to form t} 
reflecting surface. A considerable amount of ear} 
moving and shaping was achieved before the staj 
of a wet and cold winter. The weather brought || 

work to a stop by the end of December and it coul 
not be resumed until April. By the end of the peric| 
under review (June 30, 1960) the following had bes) 
accomplished : the central and subsidiary drainas) 
ditches had been installed, the footings of the towel} 
and the anchors for the guy wires were complete, tl} 
west side of the surface was roughly graded and ti] 
east side nearly so. The two central towers we| 
erected and the lower halves of the other two wel 
in position. Five of the nine sections of the catwaj 
joining the tops of the towers were in position. | 

The feed elements in the focal line are carried q 
the under side of the catwalk and they consist of son| 
275 conical log-spiral antennas. The behavior of thy 
axial ratios of the elliptical polarizations of a fami 
of such antennas was worked out during the year ar 
the study of the radiation patterns and impedance 
was completed. The project owes much to the Ar 
tenna Laboratory and to the Radio Direction Findin| 
Group of the Electrical Engineering Department fc 
this phase of the work. 

The operating frequency is to be 611 Me and, 
ensure protection from man-made interference, ‘th 
University of Illinois filed a petition with the Feder 
Communications Commission on May 6, 1960 askin 
that UHF Channel 37 (608-614 Mc) should be alle 
cated to radio astronomy in the U. S. and that n 
transmissions in this band be permitted. The petitio 
received support from the National Academy ¢ 
Sciences and from the principal radio astronomy ok 
servatories in the country. The decision of the FCI 
was not known at the time of writing this report. — 

The cost of the instrument is being borne by th 
Office of Naval Research. The University of Illinoi: 
in addition to the purchase of the site, is erecting | 
laboratory building and providing a road and powe 
line. These auxiliary facilities were partially com 
pleted by June 30, 1960. 

Research. McVittie completed a new book, Fac 
and Theory in Cosmology, which is to be publishe 
by Eyre and Spottiswoode in England. Wyatt con 
tinued working on his textbook of descriptive astron 
omy. King made much use of the Illiac electroni 
computer in calculating orbits of stars in clusters tha 
are subject to tidal forces. Some 88 orbits, for dif 
ferent initial conditions, were worked out. The 
could be classified according to the value of th 
energy and the number of orbits for immediate escap 
of the star from the cluster and for failure to escap 


/1.3%108 years was determined. He also considered 
te relaxation time for a cluster in which the stars 
‘uve encounters with each other and found an escape 
ite of one and a half times that derived by other 
ivestigators. 

_ In addition to acting as project engineer for the 
dio telescope, Swenson continued with his ion- 
sphere project. All records of 1958 Delta 2 were 
alyzed for the determination of integrated electron 
ensity by the Faraday rotation method. The diurnal 
ariation of density is very distinct and regular and 
2asonal variations were also noted. All nighttime 
»ecords of 1957 Alpha 2, 1958 Delta 2 and 1959 Iota 
_ were used to determine scintillation on 20 and 40 
“fc. A distinct southern boundary is observed in the 
Jicinity of Urbana, Illinois, south of which scintilla- 
/\on rarely occurs. The Canadian Government per- 
‘utted Swenson to set up an observing station at 
aker Lake (64° N, 91° W) in January 1960, from 
“vhich it was observed that no boundary existed at 


“egardless of the time of day or the position of the 
Jatellite in the sky. The scintillation index and its 
_ ariation with height were determined from the Baker 
wake observations. Its value at 350 km is about 0.5, 
-he maximum possible value, whereas at 200 km, it 
's nearly zero. Swenson’s colleagues, K. C. Yeh and 
_/. Gonzalez, have written a computer program for 
he Illiac for tracing a ray through a general mag- 
‘1etoionic medium which will be of value, not only for 
‘jatellite work, but also for radio propagation prob- 
ems in general. 

Meadows studied the proportion of Be to B stars 
/n galactic clusters and found them to be more nu- 
“nerous in some clusters than in the galaxy as a 
‘whole. He suggests that this overabundance may be 
‘ue to higher rotational velocities for all B stars in 
“:lusters. 

' Instruction. The total enrollment of undergraduate 
and graduate students in courses in astronomy was 
448, representing a 7% increase over the previous 
lyear. The program of Visitors’ Nights and of demon- 
strations to school and other groups was attended by 
1756 members of the public. The following outside 
‘lecturers delivered Colloquia to the Astronomy De- 
partment: Dr. W. A. Baum (Mount Wilson and 
‘Palomar Observatories) ; Sir Charles G. Darwin 
(Cambridge, England) ; Dr. V. V. Vitkevich (Mos- 
tow, U.S.S.R.); Dr. N. U. Mayall (Lick Obser- 
jvatory). 

| General. McVittie was appointed a member of the 
)Research Advisory Committee for Astronomy for the 
}Naval Radio Research Station. Swenson was ap- 
pointed to the Advisory Committee of the National 
Radio Astronomy Observatory, to the Advisory 
Panel for Radio Telescopes of the NSF and to the 
Ionosphere Physics Sub-Committee of the Space 
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Sciences Steering Committee of NASA. Wyatt acted 
as organizer for the Midwest region of the Visiting 
Professors’ Program of the American Astronomical 
Society and the NSF. 

G. C. McVittiz, Director 


Kitt Peak National Observatory, Tucson, Arizona. 


Reorganization. The traditional structure of an 
observatory consists of a director, a certain number 
of astronomers, and a supporting group of mainte- 
nance personnel, assistants, and others. The director 
has normally carried the immediate responsibility, not 
only for coordinating the scientific work, but for 
administering the personnel and financial activities 
of the institution. In a large observatory, these added 
duties impose an undue burden on one whose train- 
ing and interests are primarily scientific. 

Under the vigorous and imaginative directorship 
of Dr. Aden Meinel, the Kitt Peak National Obser- 
vatory developed rapidly during its first three years 
so that by March 1960, it had two telescopes in 
operation, the main support buildings on Kitt Peak 
were built, and the first unit of the permanent city 
headquarters was completed and occupied. Additional 
and much larger instruments were either under con- 
struction or in an advanced state of planning. The 
organization had grown to such size that to ad- 
minister the purely business aspects of the observa- 
tory demanded the full time of the director, leaving 
him with little or no opportunity for scientific re- 
search. 

At the meeting of the Board of Directors of 
AURA in March, 1960, it was decided to make a 
new departure in observatory organizations, The plan 
called for an over-all director and several associate 
directors of whom one would have immediate respon- 
sibility for all administrative matters and the others 
would be in charge of the various scientific divisions 
of the observatory. Since the interests of Dr. Meinel 
are mainly in the stellar and space divisions, he re- 
signed as director and was named associate director 
in charge of these two divisions. Dr. Keith Pierce 
was named associate director for the solar division 
and Mr. James Miller, formerly Assistant Vice Pres- 
ident for Business Affairs of the University of Cali- 
fornia, was made associate director for administra- 
tion. Dr. C. D. Shane, president of AURA, agreed to 
serve as acting director until a permanent appoint- 
ment could be made. A special committee of AURA 
under the chairmanship of Dr. D. H. Menzel nom- 
inated Dr. N. U. Mayall of the Lick Observatory for 
the position of director. This nomination was ap- 
proved unanimously at a special meeting of the 
AURA Board of Directors held in Ann Arbor, 
Michigan, on June 6, 1960. Dr. Mayall will assume 
the duties of Director of the Kitt Peak National 
Observatory on October 1, 1960. 
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Buildings and services. Apart from the telescope 
housings, six permanent buildings with a total floor 
space of nearly 16 000 sq ft have been erected on Kitt 
Peak. These buildings comprise an office and labora- 
tory, a dormitory, a dining and assembly hall with 
residence quarters, a family residence, a technical 
service building, and a vehicle maintenance building. 
In addition, a two-acre water collection area with 
filter and pumping systems, a 30 000 gallon pressure 
water tank, and two 500000 gallon water storage 
tanks have been installed. The present dirt road to 
the top of the mountain consists of 1.8 miles over 
relatively flat land and 5.4 miles of mountain grade 
averaging 12%. The U. S. Bureau of Roads is now 
building a 12-mile paved road, 28 ft wide, of 6% 
grade and easy curves from the Tucson-Ajo highway 
to the top of the mountain. This road should be com- 
pleted in 1961. Power and telephone lines to the 
summit will be under construction shortly. 

The Tucson city headquarters occupy a square 
block of land across the street from the Astronomy 
buildings of the University of Arizona. The present 
building, which includes offices, a library, labora- 
tories, and mechanical and optical shops, covers a 
gross area of approximately 21000 sq ft. During 
1960, it is planned to start an addition of about 
27 000 sq ft to accommodate the solar and space 
divisions. This additional space will include offices 
and additional shops and laboratories. A large vac- 
uum tunnel for testing the solar optics components of 
the space telescope will be included in this addition, 

The shops and laboratories built to date are well 
equipped. The library collection is being built up 
rapidly and now contains about 3500 volumes. 

Instruments, One of the 16-inch site survey Casse- 
grain telescopes is mounted on Kitt Peak in a perma- 
nent building with a rotating dome. For many photo- 
electric problems, it has proved highly efficient and 
has carried part of the observing load that had been 
anticipated for the 36-inch. The second 16-inch tel- 
escope is in Tucson, but it is planned to locate it 
likewise on Kitt Peak. 

The 36-inch telescope was placed in operation in 
April 1960, At the present ‘time, it is equipped for 
UBV photometry and narrow-band photometry. 
Three types of amplifiers, dc, dc-integrating, and 
pulse counting, are available. The Cassegrain spectro- 
graph is complete and ready for testing. It is pro- 
vided with a 10000 lines/inch grating blazed at 
4000 A, giving 125 A/mm dispersion in the second- 
order blue. The f/1.25 flat field camera was designed 
by Dr. Meinel. 

Construction on the 80-inch telescope building is 
proceeding rapidly with the structural shell and dome 
enclosed. The telescope mounting is about 50% com- 
plete. Work on the 84-inch mirror blank is scheduled 
to start in the fall of 1960. Plans for a nine-inch beam 
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coudé spectrograph for the telescope are well ac 
vanced, but construction is not expected to sta 
until 1961. 

Contracts for the solar telescope were let in July « 
1960. The telescope will consist of a 60-inch mirrc 
with a focal length of 300 ft, fed by an 80-inch helic 
stat. The heliostat will be supported on a tower 100: 
in height and will reflect the light for a distance ¢ 
500 ft of which thevlast 300 ft will be undergroune 
The light then is reflected by this 60-inch imagin 
mirror to a point near the surface and again by 
plane mirror into the vertical vacuum spectrograpl 
A unique feature of the telescope is the extern 
cooling of the building, heliostat, and tower, in ordé 
to protect the “seeing” from the effects of rising cut 
rents of heated air. The interior of the building wi 
likewise be temperature-controlled to prevent intern: 
seeing disturbances. Experiments in the optical sho 
are under way to test the feasibility of metal mirror 
Two quartz disks presented to the Observatory b 
Dr. R. R. McMath will provide the initial optics fc 
a 48-inch beam. Further decisions regarding tk 
optics will depend on the experience with thes 
mirrors. 

An image Orthicon camera has been designed b 
Dr. Livingston for astronomical applications. Its cot 
struction is far advanced. The experiments are d 
rected toward high quantum efficiency for fait 
sources as well as precise photometry for brigl 
sources such as the solar spectrum. 

The 50-inch orbiting telescope planned to revoly 
about the earth in a 24-hour period is in the earl 
stages of design. The 50-inch diameter has been sé 
as a probable goal, but is subject to revision as th 
studies develop. The 24-hr period offers great ac 
vantages in control and data transmission that at 
considered more than sufficient to compensate fe 
the increased effort necessary to place the telescop 
in orbit, The general conception of the instrumer 
and the optical components in particular are bein 
designed by Dr. Meinel. The design calls for a 
on-axis, high-resolution television system and fot 
off-axis instruments. These instruments are ultre 
violet and infrared spectrometers, a bolometric phe 
tometer, and an extended-range multicolor photor 
eter. Optical studies and experiments now under wa 
are directed toward the construction of light-weigh 
diffraction-limited optics. Mr. Nidey is supervisin 
the development of the control and data transmissio 
components as well as the astroguider system whic 
he has devised. Much of the engineering and scientifi 
staff necessary for these developments is now i 
Tucson and is proceeding with the work. 

Personnel. In addition to the director and associat 
directors named under the heading “Reorganization, 
the following astronomers are at present on the staff 
H. A. Abt, Associate Astronomer, Stellar; D. L 


| 
Crawford, Assistant Astronomer, Stellar; D. H. 
Schulte, Assistant Astronomer, Space and Stellar; 
and William Livingston, Junior Astronomer, Solar, 
The engineering department consists of W. W. 
Baustian, Chief Engineer, and two additional engi- 
neers, In the space division, the Systems Manager, 
R. A. Nidey, heads a group of three engineers. The 
jengineers in both groups are assisted by a number of 

draftsmen and technicians. 

The main purpose of the observatory is to provide 
observing facilities for visiting astronomers and grad- 
‘uate students. During the year the following astron- 
omers availed themselves of the observatory equip- 
“ment: Dr. Bengt Stromgren, Dr. K. Osawa, Dr. 
: C. M. Huffer, and Dr. D. H. McNamara. The grad- 
‘uate students were Arlo Landolt, Indiana University ; 
'C. L. Perry, University of California; and R. M. 
Cameron, Vanderbilt University. All of these visitors 
used the 16-inch telescope for photometric studies. 
Toward the end of the report year, the 36-inch was 
used by Perry and Cameron. In addition to the fore- 
going visitors, two graduate students, Joseph Pereue 
-and John Palsedge, under the direction of Dr. Forrest 


Boley, made successful Cerenkov radiation measures 
with special equipment that they brought to Kitt 


Peak. 

Research, In addition to his design of the Casse- 
grain spectrograph, the grating ratio spectrometer, 
and many optical components, Dr. Meinel made ex- 


tensive series of observations of Nova Herculis with 
the ratio spectrometer. His study of the Balmer 


decrement in this star has shown that it will be very 
difficult to explain the hydrogen emission solely on 
the basis of radiational excitation. The ratio scans on 
Nova Herculis made by Meinel are being supple- 
mented by UBV photometric measures by Dr. Craw- 
ford and Mr. Golson. 

Pending the completion of the Kitt Peak spectro- 
graphs, Dr. Abt was granted observing time with the 
Mount Wilson spectroscopic equipment. He con- 
ducted an investigation to determine the fraction 
of metallic-line (Am) stars that are spectroscopic 
binaries. An effectively random sample of 25 stars 
was selected and on an average 11 spectra of each 
were obtained at the McDonald and Mount Wilson 
Observatories. It was found that 22 of these have 
variable radial velocity. It appears that essentially 
100% of the Am stars are spectroscopic binaries. For 
normal A-type stars, the frequency is about 30%. 

The well-known eclipsing binary 8 Lyrae belongs 
to a visual multiple system (ADS 11745) containing 
six members, which range in magnitude from 3 to 14. 
An investigation has been carried out to determine 
whether this group is a physical system and, if so, the 
distance of the group and absolute magnitude of 8 


Lyrae. Spectra of the brighter members were ob- 


tained at Mount Wilson by Abt to determine spectral 
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types and radial velocities. Dr. H. M. Jeffers and Mr. 
James Gibson of the Lick Observatory obtained re- 
cent position measures and Dr. A. Sandage obtained 
UBV photometry at Mount Wilson and Palomar 
Observatories. Preliminary results indicate that the 
stars have a common proper motion and several 
measured spectroscopically have the same radial 
velocity. One member, ADS 117458, is a spectro- 
scopic binary with a period of 4.345 days. The group 
is physically associated, and all stars except 6 Lyrae 
are members of the main sequence. The distance 
modulus is 7.1 and the absolute visual magnitude of 
B Lyrae is about —3.9. This is 3.7 mag. fainter than 
was previously adopted for this star and leads to a 
higher mass for the secondary than for the primary 
component. 

Abt and Mr. J. C. Golson are engaged in the 
photoelectric photometry on the UBV system with 
the 16- and 36-inch telescopes of about 200 of the 
known peculiar A-type stars; (1) to determine 
whether their colors show any systematic abnormal- 
ities, (2) to determine what fraction and which stars 
are variable in light and color and by what amounts, 
and, (3) to provide good photometry for observers 
of these stars. These show that the colors are normal 
although the silicon stars, which are the bluest 
and most distant ones, show appreciable interstellar 
reddening. The silicon stars have the mean colors of 
normal B8 stars although their spectral types average 
AO. About a third of the stars show detectable light 
variations. 

Abt and Golson are also making photometric meas- 
ures of the possible exciting stars of a series of 
galactic nebulosities in the Sagittarius arm and be- 
tween galactic latitudes 319° and 336°. They are 
measuring the interstellar absorption in the north 
polar region, particularly in the direction of Sand- 
age’s very old cluster, NGC 188. 

Dr. Crawford, using UBV and HB photoelectric 
observations, has continued his program of the study 
of the nearby OB associations. The aim is to achieve 
an accurate luminosity calibration for the B stars and 
to study in detail the structure and evolution of these 
individual associations. Work on two associations has 
essentially been completed. 

The part of the 1 Lacertae association near 10 
Lacertae was found to have a distance modulus of 
8.7, determined from Hf line intensity measures. 
There appears to be little differential age within this 
part of the association. Six sample A-type stars, lying 
above the main sequence in an apparent magnitude- 
spectral type diagram, all have normal Hf strengths 
for main-sequence stars and are, therefore, probable 
foreground objects. 

The northern part of the Scorpio-Centaurus asso- 
ciation has been studied jointly with Dr. R. Hardie of 
Vanderbilt University. This is a group of stars hav- 
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ing accurate individual absolute magnitudes deter- 
mined from their motions by Bertiau and Blaauw. 
It, therefore, yields a fundamental calibration of 
absolute magnitude in terms of H® line strength. 
Membership in the association was studied because of 
the importance of the calibration problem. The final 
scatter for the determination of absolute magnitude 
from the H® intensities was +0754 (m.e.), includ- 
ing effects due to differential age, duplicity, non- 
members, and intrinsic scatter. 

A final list of the standard stars observed mostly 
at the McDonald Observatory and used in this work 
has been published [Astrophys. J. 132, 66, 1960]. 

Narrow-band photoelectric photometry has been 
started by Dr. Crawford on late-type giants, with 
three interference filters measuring the break in a 
star’s spectrum at the G band and at the CN band 
head at about 4216 A. Preliminary results on about 
500 bright G and K giants show that the G-band 
parameter is well correlated with spectral type, and 
a CN anomaly may be defined that is correlated 
with space velocity. The aim is to achieve parameters 
yielding a measure of spectral type, luminosity, and 
population characteristics. The program then will be 
concentrated on the G and K giants in the region of 
the north galactic pole. 

Some joint work by Dr. B. Stromgren and Dr. 
D. Crawford on UBV and HB photometry of the 
bright B8 and B9 stars was continued. This program 
should be complete in the autumn of 1960. 

With the use of the observatory’s Royal-McBee 
electronic computer, Dr. Schulte programed numer- 
ous reduction procedures for the staff and visiting 
scientists. The reduction of one night’s photoelectric 
observations (such as on the UBV systeth) takes one 
hour, including a least-squares solution for the ex- 
tinction coefficients and a transformation to the 
Johnson-Morgan system with standard star observa- 
tions. Schulte has also programed Schlesinger’s 
least-squares method for the determination of orbits 
of spectroscopic binaries. The Computer is used in 
designing most of our optical components and in 
determining the shapes of optical surfaces during 
testing stages. The determination of shower heights 
for Cerenkov radiation by the Wesleyan University 
group under Dr. Boley and the reduction of Dr. 
Meinel’s spectrum scans of Nova Aquilae 1960 were 
also carried out with the computer. 

The visiting astronomers and graduate students 
used the observatory instruments and facilities during 
the year for the following programs: 

Mr. Arlo Landolt, Indiana University, determined 
the UBV photoelectric light curve of V382 Cygni, 
an O-type eclipsing binary. Of the possible night 
hours in the summer rainy season of July-August 
1959, it was possible to use only 10% for this work, 
because of sky conditions. The minima were found 


OB SE RVeEaC nO ROVeE Reb OUReis 


to come about 0.04 of a period (108 minutes) later 
than predicted. The amplitude is about 0.8 mag. 

Dr. D. H. McNamara, Brigham Young Univer- 
sity, obtained UBV observations on several possible 
B Canis Majoris-type stars. Analysis is in progress. 

Dr. K. Osawa and Dr. Bengt Stromgren, Institute 
for Advanced Study, obtained four-color and HB 
photometry on bright A and F stars, as the beginning 
of a program on A-and F main-sequence stars with 
known proper motions and radial velocities. The 
photometry will yield accurate distances and ages, 
and hence space velocity diagrams as a function 
of age. 

Dr. C. M. Huffer, University of Wisconsin, made 
observations on the eclipsing variables S Cancri, TW 
Draconis, and RS Canes Venaticorum. Reductions 
and analysis are in progress. Some observations are 
still being obtained by Mr. Golson. 

Mr. C. L. Perry, University of California, carried 
out UBV and HB photoelectric photometry for A 
stars near the north galactic pole. The program was 
completed and should yield the distribution of these 
stars above the galactic plane. A determination of the 
force law from radial velocities determined at other 
observatories also will be attempted. 

Mr. R. M. Cameron, Vanderbilt University, con- 
tinued his work begun at Dyer Observatory with 
Dr. Crawford on the establishment of a network of 
photometric standard stars of declinations 0° and 
+60°. These stars are chosen to aid in the accurate 
determination with large telescopes of extinction 
variations over the sky and as a function of time. 
The stars consist of red and blue pairs between 
magnitudes 8 and 10, approximately two hours apart 
in right ascension. A minimum of 30 observations 
each will be necessary. The program is about 50% 
complete. . 

The Wesleyan University physics department, 
under Dr. Forrest Boley, established a Cerenkov 
radiation experiment on Kitt Peak. Mr. Joseph 
Pereue and Mr. John Palsedge, graduate students, 
were resident on Kitt Peak for three months on a 
program to observe extensive air shower Cerenkov 
pulses from cosmic rays. Direction of arrival and 
curvature of the arriving wavefront were measured. 


C. D. SHANE, Acting Director 


Leuschner Observatory, University of California, 
Berkeley, California 


Staff. Effective July 1, 1959 Professor O. Struve 
retired from active membership in the department. 
He is at present Director of the National Radio 
Astronomy Observatory in Green Bank, West Vir- 
ginia. Professor L. Biermann, of the Max Planck 
Institute in Munich, Germany, was a Visiting Pro- 
fessor during the fall semester of the past academic 
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year. M.S. Vardya spent the year’ with the Depart- 


‘ment as a Research Astronomer. 


Radio Astronomy. The Radio Astronomy Labora- 


tory was established by the Regents of the Univer- 


sity of California in July, 1958, with Harold Weaver 
as Director. The Laboratory is supported by the 
University and by contract with the Office of Naval 
Research. 

An observing station has been completed at Hat 
Creek, north of Lassen National Park. On the basis 
of tests made in the frequency range 55 to 900 
Mc/sec, the site is the best thus far tested in the 
United States. Six buildings, including two labora- 
tory buildings and a dormitory equipped for six 
observers, have been constructed. Water and power 
systems have been installed. Approximately one mile 
of road connecting the various structures has been 
built and is in process of being paved. 

Two fully steerable parabolic antennas will be 


located at the Hat Creek Observatory. These instru- 


ments will have diameters of 33 feet and 85 feet. 
The smaller of these two antennas, with dish made 
by the Philco Corporation, is now in operation, un- 
dergoing its first tests and alignment. The surface 
of the 33-foot antenna is solid and of high accuracy. 
The measured rms departure of the surface from 
a true parabaloid is 0.81 mm. The larger antenna, 
also being made by Philco, is to be in operation by 
the end of 1960. The 85-foot antenna will also have 
a solid surface. It is anticipated that the rms surface 
accuracy of this larger dish will be of the order of 
1.5 mm. Pointing and tracking accuracy of both 
antennas will be commensurate with their surface 
accuracies. 

Two receivers are now in use: (1) a 1420 Mc/sec 
receiver manufactured by the Ewen-Dae Corporation 
and working either as a total power or switched 
frequency device; (2) an 8000 Mc/sec TWT re- 
ceiver also made by the Ewen Dae Corporation. Low- 
noise receivers for 1420 Mc/sec and 3000 Mc/sec 
are under construction at the Radio Astronomy 
Laboratory. 

No specific long-range observing program has yet 
been started with the smaller antenna. Both antennas 
will be used in the investigation of a variety of 
problems in galactic structure and stellar formation. 

Other antennas of high resolving power are under 
investigation. 

Galactic Research. A. F. Setteducati and Harold 
Weaver have discovered several hundred galactic 
star clusters on the prints from the Palomar-National 
Geographic Sky Survey made with the 48-inch 
Schmidt telescope. A first selection of these newly- 
discovered clusters is now being prepared for 
publication. 

Roberts and Weaver have rediscussed the luminos- 


ity function of NGC 1647. As found in an earlier 
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investigation of galactic clusters having a variety of 
ages, the luminosity function of galactic clusters does 
not match that of the general field. The galactic 
clusters have fewer (in some instances very many 
fewer) faint stars than the general field. For the 
clusters studied, this deficiency cannot be explained 
on the basis of evaporation of faint stars; the clusters 
are very young ones having ages not greater than 
a few relaxation times. 

With the assistance of David Steinmetz and Rich- 
ard I. Mitchell, Weaver has derived, on the UBV 
system, light and color curves for more than 60 
northern cepheid variable stars. Through the kind 
cooperation of Dr. J. S. Hall, these observations 
were made with the 21-inch Lowell reflector during 
the months of June-October 1959. The data will be 
published in a Lowell Observatory Bulletin. 

Weaver has completed an extended investigation 
of methods of determining velocity ellipsoids. Spe- 
cifically, the problem has been to determine why 
different methods of deriving the numerical parame- 
ters of the velocity ellipsoid yield such discrepant 
results. 

It can be shown that all of the common methods 
of velocity ellipsoid determination are valid when 
applied to a sample population of stars contained 
within a volume element sufficiently small in size 
so that only two sources of stellar motions are 
effective: random motion and solar motion. These 
are the only sources of stellar motions included in 
theoretical treatments of the velocity ellipsoid. As the 
volume element containing the sample population is 
increased in size, galactic rotation begins to be sig- 
nificant in the observed motions of the stars. Motion 
caused by galactic rotation is not included in the 
theory of the velocity ellipsoid, hence, as the volume 
element containing the sample population grows and 
galactic rotation becomes effective in the motions of 
the sample population, the velocity-ellipsoid method 
loses its validity. 

Characteristically, proper-motion studies of the 
velocity ellipsoid have been applied to sample popu- 
lations extending beyond the range of validity of 
proper-motion methods. Proper-motion methods have 
been applied to sample populations of such great 
extent that galactic rotation provides a significant 
portion of the observed motions. Discussion of three- 
effect motions (random motions, solar motion, ga- 
lactic rotation) by two-effect theory (random motion, 
solar motion) leads to distorted and unreliable re- 
sults. Published velocity ellipsoid parameters derived 
by proper-motion methods must therefore be consid- 
ered uncertain. Parameters derived in the course of 
space motion and of radial-velocity studies, on the 
other hand, are more trustworthy. Generally, they 
relate to sample populations in small volume ele- 
ments. Even for these smaller populations, however, 
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ellipsoid distortion caused by observational selection 
and incompleteness may occur. Care must be taken 
if such effects are to be avoided. 

The catalogue of radial velocities of galactic clus- 
ters observed by R. J. Trumpler has been completed 
and, except for an introductory statement, is now 
ready for the press. 

Morton Roberts, in conjunction with Arthur Sette- 
ducati, prepared an IBM coordinate conversion pro- 
gram. Input equatorial coordinates for any epoch 
are precessed and converted to IAU galactic longi- 
tude and latitude. The printed output gives the initial 
and precessed equatorial coordinates and the galactic 
coordinates. 

A number of statistical studies have been made of 
galactic clusters by Roberts. These studies were 
based on Trumpler’s extensive file of unpublished 
data. One such study allowed a check to be made of 
the hypothesis that, as a result of significant mass 
loss, early-type stars evolve down the main sequence. 
Such an hypothesis would predict relatively more 
later-type stars as a cluster ages. The observational 
data do not confirm this prediction. 

Spectroscopy (Laboratory). Under the sponsor- 
ship of the National Science Foundation a program 
of molecular band analysis was conducted jointly by 
J. G. Phillips and F. A. Jenkins of the Physics De- 
partment. The group engaged in the program in- 
cluded Dr. Rafael Grinfeld, here for a year from the 
University of La Plata in Argentina, Dr. Sumner 
Davis, who joined the group from M.LT., three 
graduate students in the Department of Physics and 
two in the Department of Astronomy. 


The year’s activities included the construction of . 


a spectrum measuring machine of the Tomkins-Fred 
type, and the installation of an IBM 526 summary 
punch for the punching of measures and plate line 
densities into IBM cards. In addition to refinements 
in the 704 program of band analysis, several auxiliary 
computer programs were written to 

(1) calculate correction curves for the departure 
of dispersion from linearity, using interference 
fringes in conjunction with thorium, iron and Ne 
standard wavelengths. A subroutine included the 
calculation of vacuum corrections directly from the 
equation for the index of refraction of air as recom- 
mended by Edlen. 

(2) The reduction of the data in the spectral cards 
from the IBM 526 summary punch to wavelengths 
in air, vacuum wave numbers and central line intensi- 
ties. 

(3) The printing of final identifications, wave- 
lengths, etc. in molecular bands in a form suitable 
for publication by photo off-set methods. 

By the middle of the year the program was in full 
production. The red system of the CN molecule 
(2+?) was the first molecular band system studied. 
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Seven series of plates have been photographed with 
the 21-foot Paschen spectrograph of the Physics De 
partment, and completely measured. The exposures 
covered the spectral interval between 4500 A and 
12000 A. In all, 41 bands were intense enough to 
merit their complete analysis. The source used was 
a discharge tube, producing the CNV spectrum in a 
discharge through flowing C,N,. Each band has been 
measured on at least two plates, and the printed re- 
sults are the average of the two plates. The analyses, 
etc. of the discharge tube data are nearing comple- 
tion. A second series of exposures using a higher- 
temperature arc source is being planned. The final 
printed data will consist of a combination of the 
discharge tube and arc data. 

Spectroscopy (Astronomical). With the aid of a 
grant from the National Science Foundation G. N. 
Wallerstein has been determining the abundances of 
the metals in numerous high-velocity G dwarfs from 
spectrograms secured with the 100” coudé spectro- 
graph. Although the program is not completed, two 
interesting facts have emerged. There is an excellent 
correlation between metal deficiency and ultraviolet 
excess, in that the larger is a star’s ultraviolet excess, 
the greater is its deficiency in the metals. Secondly, 
it has been found that stars that are deficient in most 
of the metals. by a factor of 2-5 are deficient in 
manganese by a factor of 2 or 3 greater than the 
other metals. 

Wallerstein has found that the visual binary ADS 
8734 consists of a main-sequence F star and an O 
subdwarf of absolute magnitude about +3.6. The 
colors as determined by Spinrad confirm that the 
system is composite. 

Chambers and Wallerstein are studying the diffuse 
interstellar lines in the spectra of some of the early- 
type supergiants in h and y Persei. They are using 
spectrograms of 30 A/mm in the yellow-red region 
secured at the Mt. Wilson 60” Cassegrain spectro- 
graph. 

Using 100” coudé spectrograms obtained by Wal- 
lerstein, Mrs. Y. Stone is making an abundance 
comparison between Sirius and the high-velocity A 
star 7 Sextantis. 

Using photographic plates and a photoelectric se- 
quence obtained by Sandage at the 200” telescope, 
Wallerstein has measured colors and magnitudes of 
about 500 field stars near the globular cluster NGC 
6356. The material is being analyzed in an attempt 
to determine the absolute magnitude of the red 
giants in this portion of the galactic nuclear bulge. 

Variable Stars. Hyron Spinrad continued the pro- 
gram of photoelectric observations of RR Lyrae 
variables. Some material was obtained for SW And 
and UBV observations were completed for Su Dra, 
an extremely weak-lined star. The latter variable 
shows rapid U-B color changes during the ascending 


ranch of the light curve. A two-color comparison of 
yme large and small S RR Lyrae stars has been 
lade in order to find an empirical blanketing line in 
ie B-Y, U-B diagram. 

Spinrad also obtained the magnitude and colors 
* ADS 8734, discovered by Wallerstein to be a 
inary with F2V and O9 subdwarf components. The 
ork will be discussed jointly. 

D. B. Wood is writing a program for the IBM 704 
hich it is hoped will solve eclipsing binary systems 
ith much greater precision than has been previously 
ossible. Rectification will not be used; all unknown 
arameters will simultaneously be determined by a 
ast-squares solution for differential corrections, 
aking use of the entire light curve. To date, the 
irect problem has been solved, i.e., a light curve may 
e predicted from given orbital elements. The prob- 
m of obtaining elements will be application of this 
lution by iterating the differential corrections to 
ery small values. For the present the stars are as- 
amed to be similar ellipsoids whose local brightness 
; independent of latitude or longitude on the stellar 
urface. 

D. B. Wood and J. E. Forbes have prepared a 
rogram for the IBM 704 to express times of min- 
num light of eclipsing binaries as a least-squares 
olynomial in the epoch £. All available observations 
f well-observed systems will be examined for sys- 
smatic period change and possible loss of mass from 
le system. 

Theoretical Astrophysics, A study of the vertical 
rift of charged particles in the Van Allen belts was 
ndertaken by J. A. Crawford and Ludwig Biermann. 

A theoretical paper on Fermi acceleration was 
resented by Crawford at the Fourth Berkeley Sym- 
osium on Mathematical Statistics and Probability. 
‘mong other things, it was shown that this phenom- 
non can be important only when the magnetic fluc- 
aations are nearly stationary in time. In an expand- 
1g object like the Crab Nebula, it may be over- 
hadowed by a very much larger mean deceleration. 

Further progress was made on Crawford’s theory 
f field quantization. Research in this area will be 
upported next year by the Air Force Office of 
cientific Research. 

M. S. Vardya conducted a computational project 
n the convective envelopes and atmospheres of stars. 
fe prepared a program for the IBM 704 computer 
n the Berkeley campus for the numerical integration 
f such envelopes. It is based on the model developed 
y Dr. Bohm-Vitense of Kiel, but includes the im- 
ortant effect of the specific heat of the hydrogen 
aolecule. The program will be used independently 
nd as an accessory to the stellar evolution program 
scribed in the next paragraph. 

Mrs. Nancy Gould, J. E. Forbes, and L. G. Henyey 
ave continued their preparation of an IBM 704 pro- 
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gram for the theoretical study of stellar evolution. 
The program will automatically follow the develop- 
ment of a configuration with allowance for the fol- 
lowing physical effects: radiative and convective 
transport of energy, gravitational energy source, 
thermonuclear reactions involving H1, He*®, He*, C, 
N**, and O*, The program will prepare an envelope- 
atmosphere of the type described in the previous 
paragraph. Thus realistic surface boundary condi- 
tions will be used for all configurations. 

Graduate Students. Arnold Klemola, Charles 
Perry, and Hyron Spinrad held the positions of Lick 
Fellows. Graduate students H. Kimball Hansen and 
John Williams were holders of Woodrow Wilson 
Fellowships. 


L. G. Henvey, Chairman 


Lick Observatory, University of California, Mt. 
Hamilton, California 


Personnel. N. U. Mayall has accepted the director- 
ship of Kitt Peak National Observatory, and is to 
leave Lick Observatory for his new post on October 
1, 1960. George W. Preston and Thomas D. Kinman 
have accepted appointments as Assistant Astronomer 
and are to take up residence on Mount Hamilton in 
the early fall of 1960. George H. Herbig was pro- 
moted to Astronomer, and made Assistant Director, 
effective July 1, 1960. 

Dr. Bengt Strémgren of the Institute for Advanced 
Study and Professor Andre Lallemand of the Paris 
Observatory held appointments as Alexander F. 
Morrison Research Associate; the former in the late 
summer of 1959, and the latter in September and 
October, 1959. Dr. Maurice Duchesne accompanied 
Professor Lallemand. Dr. P. J. Treanor, S.J., for- 
merly of Oxford University Observatory, served as 
Research Associate beginning in late September. Dr. 
V. B. K. Sarma, of Hyderabad Observatory, began 
an appointment as Research Associate in June, 1960. 

Dr. Neville J. Woolf came from Manchester Uni- 
versity in November to begin work as a Project 
Associate. Mr. Charles E. Worley was also a Project 
Associate throughout the report year. Mr. Irakly 
Papiashvili served as a Project Assistant. Mr. Rich- 
ard Stothers was an undergraduate Student Assistant 
in the summer of 1959, Dr. Richard L. Sears was 
appointed Astronomical Assistant September 1, 1959. 
James B. Gibson and S. N. Svolopoulos left their 
assistantships in June, 1960 to accept other positions. 
Dr. Adela Ringuelet-Kaswalder and Miss Diane 
Pyper were appointed assistants on July 1, 1960. 

The Lick Observatory Fellows for 1959-60 were 
Arnold Klemola, Charles Perry, and Hyron Spinrad. 

Robert J. Roach was appointed Business Officer 
on May 1, 1960. Lawrence Berg was appointed 
Senior Engineer on July 1, 1960, succeeding Dwight 
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J. Ludden, who resigned to accept a position at Kitt 
Peak National Observatory. 

Staff Activities. Shane was given half-time leave 
on April 1, 1960 in order to permit him to assume the 
duties of Acting Director of Kitt Peak National Ob- 
servatory. He has also been appointed Chairman of 
the Organizing Committee for the Berkeley meeting 
of the International Astronomical Union to be held 
in August, 1961. Bidelman continued as editor of the 
Publications of the Astronomical Society of the Pa- 
cific. He also served on the National Science Founda- 
tion’s Advisory Panel for Astronomy. Herbig was 
appointed to the Committee on Optical and Radio 
Astronomy of the National Academy-National Re- 
search Council Space Sciences Board. 

Visitors. Forty-three astronomers 


from other 


places came to the Observatory for a scientific visit _ 


of one day or more. Among those who remained for 
a period of study or observational work were the 
following: Dr. G. van Herk, Dr. D. L. Crawford, 
Dr. Thornton Page, Mr. E. A. Whittaker, Drs. Geof- 
frey and Margaret Burbidge, and Dr. Jorge Sahade. 


EQUIPMENT 


The 120-Inch Telescope. The first astronomical 
results from the new telescope were obtained in 
October, 1959 with the Lallemand image tube. It 
recorded spectra at the focus of the coudé spectro- 
graph. Direct photographs of high quality followed in 
November. After a period of further testing and 
adjustment, regularly scheduled operation began in 
March, 1960. The 120-inch mirror produces images 
with a high concentration of light. In good seeing, 
images 0.5 second in diameter are regularly obtained. 
The limiting photographic magnitude was found by 
Mayall to be in the vicinity of 23.0; stars of magni- 
tude 22.6 in M13 (using the photeleciric calibration 
of Baum, Hiltner, Johnson, and Sandage) are well 
above the threshold. A full report by Mayall and 
Vasilevskis on the Hartmann tests of the mirror ap- 
peared in the Astronomical Journal 65, 304, 1960. 

The 20-inch camera and the 160-inch camera have 
been put into operation in the coudé spectrograph. 
The definition is quite satisfactory. With various 
gratings, dispersions between 1.3 A/mm and 48 
A/mm are obtainable in the blue region of the 
spectrum. At 16A/mm a star of 10th magnitude 
requires an exposure of an hour in average seeing 
for a spectrum 0.5 mm wide. 

The efforts of the Engineering Department, the 
Machine Shop and the Optical Shop were almost 
entirely devoted to auxiliary equipment for the 120- 
inch telescope. At least another year’s work remains 
to finish the minimum spectrographic and photo- 
metric accessories originally planned. 

20-Inch Astrograph. Tests and calculations by 
Vasilevskis showed that the most favorable wave- 
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length range for the projected second lens for t 
twin 20-inch astrograph is one centered at 5500. 
Plans for construction of the lens are going forwat 
Second epoch plates will be taken with simultaneo 
blue and yellow exposures, yielding color-index dai 
and information for derivation of.a possible col 
term in determination of positions. ( 
36-Inch Telescope. As the 120-inch reflector tak 
over more of the -spectrographic observing load, t 
36-inch telescope can be devoted more to prograt 
which exploit its astrometric excellence. A came 
for this purpose with automatic guiding is bei 
constructed at the Stanford Research Institute. 


INSTRUMENTAL DEVELOPMENT 


Echelle Spectrograph. With the aid of a grant fre 
the National Science Foundation, Herbig is unde 
taking the construction of a high-dispersion nebul 
spectrograph for the Crossley reflector. The ne 
feature is the use of an echelle grating to give 
dispersion of 21 A/mm at Ha. 

Image Tubes. Lallemand and Duchesne broug 
their electronic camera, developed in Paris, to Li 
Observatory during September and October, 195 
After some preliminary experiments with direct ph 
tography at the 36-inch refractor, the image tube w 
installed on the 20-inch camera of the 120-in 
telescope. At 4000 A, a wavelength where the trar 
mission of the cathode blank was reduced to 50% — 
its conductive coating, the gain in speed over 
103a-O plate was shown to be 20 to 25 times. _ 

Walker has put the tube into regular use. Furth 
reduction of the parasitic background permits e 
posures of 2 to 4 hr. With a sensitive cathode a1 
good seeing, a 30-minute exposure is adequate f 
a star of the 14th photographic magnitude; an u 
widened spectrum at a dispersion of 65 A/mm. 
obtained. 

Kron and Papiashvili have built and operated 
Lallemand-type image tube with a valve between t 
cathode section and the plate section. In laborato 
trials a good cathode can be preserved for weeks wi 
many openings and closings of the valve for insertic 
exposure, and removal of plates. This work has be 
supported by the Office of Naval Research. 


SCIENTIFIC PROGRAM 


Solar System. Jeffers and Gibson took 89 phot 
graphs for determination of the position of fai 
comets, mainly with the Crossley reflector. Com 
Schaumasse and Comet Vaisala were rediscovere 
A report on the comet positions determined fro 
these plates is to appear in the Astronomical Journ 

Jeffers, Gibson, and Watson rephotographed t 
moon with the 36-inch refractor, the object being 
search for any marks left by the impact of the Ru 
sian satellite which struck the surface. In accordan 
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th expectation, no changes relative to older photo- 
aphs could be seen. 

Double Stars. The Index Catalogue of Double 
ars being compiled by Jeffers with the assistance of 
rs. Greeby is nearing completion and is scheduled 
be ready for publication on June 30, 1961. It will 
ntain 35 000 entries regarding pairs north of dec- 
ation —20°. The whole project has been aided by 
ants from the National Science Foundation. 

In July, 1959 Worley began a visual survey of all 
-dwarf stars accessible to the 36-inch telescope. 
nong the 800 stars on the program, 170 doubles 
re already known. With the survey 80% complete, 
new doubles have been found, eight of them with 
separation less than one second. In addition to this 
ogram 1620 measures of known double stars have 
en made on the 36-inch and 12-inch telescopes. 
easures of faint, distant companions were included 
order to determine whether the pairs are physical. 
Worley has nearly completed a new catalogue of 
sual double star orbits. About 500 binaries are in- 
ided, a number 50% greater than that in P. Baize’s 
talogue published 10 years ago. These activities 
ve been supported by a contract with the Office of 
ival Research, made in response to a proposal by 
delman. 

Herbig and Rach discussed their observations of 
= double-line spectroscopic binary » Cygni and 
tained an orbit. The star is unusual; the compo- 
nts are nearly identical G8 III-IV stars with mini- 
um masses of 2.3 suns. Miss Bretz measured and 
duced the Mills 3-prism plates of the well-known 
tallic-line star +r Ursae Majoris. It is a single-line 
nary of semi-amplitude only 3.9 km/sec, and a 
riod of 1062 days. 

Variable Stars. Photoelectric observations of DQ 
erculis by Walker have led to the conclusion that 
© period of the primary minimum has increased 
ice the discovery of eclipses in 1954. The presumed 
use is a continual loss of mass by the system; an- 
her two or three years will be needed to confirm 
e variation of period and to derive a quantitative 
timate of the rate of mass loss. On the other hand 
e 70-sec variation has shown a constant period for 
ll over 2 million cycles. This result suggests that 
e phenomenon is a deep-seated one and probably is 
e pulsation of an old nova. If so, the old nova must 
just itself to mass loss in a way that leaves the 
erage density constant to about one part in 10%. 
Mr. Richard Stothers, working under the direction 
Walker, took survey plates with the 20-inch Car- 
gie astrograph to be used in a search for short- 
riod eclipsing binaries like DQ Herculis and RW 
anguli. Twelve fields, mostly at a galactic latitude 
_+25°, were covered by short exposures over a 
tal interval of 64 hours for each. The survey 


S35 


reached to the 16th magnitude, photographic. Only 
about 10% of the plates have been examined, and 
one four-hour variable of the RR Lyrae type has been 
found. 

Herbig followed the spectrum of R Coronae Bo- 
realis through a light minimum in the spring of 1960. 
Spectra of the star as faint as visual magnitude 12 
were obtained with the coudé spectrograph of the 
120-inch telescope. The dispersion used was 16 
A/mm. Narrow emission lines of Tir, Sc1r, and Sri1 
were observed, as well as strong, broad, and rather 
complex bright lines of Catz. A wide feature near 
3888 A is probably due to Hei. Miss Bretz made 
photoelectric observations during the decline and 
minimum. 

Miss Bretz made photoelectric observations of ten 
T Tauri variables in the Taurus-Auriga cloud. The 
results confirm Herbig’s previous spectrographic 
results, and Walker’s observations of similar vari- 
ables in NGC 2264. On the My, B-V diagram the 
stars (all redder than B-V=+0.8) lie above the main 
sequence; on the U-B, B-V diagram the stars show 
an ultraviolet excess. 

Galactic Clusters. Vasilevskis has continued his 
program of determining proper motions of stars in 
open clusters using plate material from the Allegheny 
Observatory made available by Dr. N. E. Wagman. 
With the assistance of Balz and Mr. A. Kruszewski, 
measures of IC 4665 and IC 1805 have been made. 
Special attention was given to NGC 2264 because of 
its evolutionary significance. Only one plate pair from 
Allegheny Observatory was available and the data 
were supplemented by three pairs taken with the 
42-inch reflector of the Lowell Observatory. Meas- 
ures by Klemola, Balz, and Vasilevskis give strong 
support to the view that the stars studied photomet- 
rically by Walker are members of the cluster. 

Vasilevskis has nearly completed the first-epoch 
plates of galactic clusters in the series begun five 
years ago with the 20-inch Carnegie astrograph. The 
objective is absolute proper motions through refer- 
ence to Lick proper-motion stars which will have 
been measured relative to background galaxies. 

Walker, assisted by Miss Bretz, has completed 
analysis of his photometric observations of NGC 6611 
(M16), an extremely young cluster. The color-mag- 
nitude diagram shows a main sequence from O5 to 
about B5, beyond which stars above the main se- 
quence are encountered. Although there is some un- 
certainty about the turnoff point, the best estimate at 
(B-V),=—0.17 gives an age of 1.8X10® years. This 
low value for the age is supported by a main sequence 
0.27 magnitude bluer than that in NGC 6530 and the 
Orion Nebula cluster, which, in common with NGC 
2264, have an age of about 3X 10* years. The fact that 
O5 and BS stars are both on the main sequence sup- 
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ports the Schwarzschild-Harm view that very mas- 
sive stars are able to burn two-thirds of their hydro- 
gen before evolving to other parts of the diagram. 
Like other young clusters, NGC 6611 was found to 
contain a number of faint variable stars. 

Further studies of the faint variables in young 
clusters are being undertaken by Walker using photo- 
graphic methods at the prime focus of the 120-inch 
telescope. The objective is to determine whether 
variability is confined to a limited range of absolute 
magnitude, whether it is associated only with clusters 
containing nebulous material, and whether it is re- 
lated to the age of the cluster. 

Herbig and Mendoza examined Tonantzintla and 
Lick objective-prism plates and found three faint 
Wolf-Rayet stars that may be members of the VI 
Cygni association. Proof of membership is difficult 
because of the large variation of absorption over the 
association. The brightest of these stars was of type 
WN7 and the others of type WC6. 

Treanor determined the rotational velocities of 
stars in three clusters from photometric measure- 
ments of line profiles. Herbig’s spectra obtained with 
the 36-inch refractor were used for the Hyades and 
the II Persei association; Bidelman’s McDonald 
spectra were used for the Praesepe stars. It was 
concluded that the stars of common age in a cluster 
also show the sudden fall in rotational velocities near 
type F5V previously found in field stars by Herbig 
and Spalding and by Slettebak. 

Globular Clusters. The analysis of the extensive 
photoelectric observations of globular clusters by 
Kron and Mayall is now completed and has been 
submitted for publication. In all, 187 star clusters, 
mostly globular, were observed, the majority of them 
in three colors: P (photographic), V (visual), and 
I (infrared). Corrections for absorption were de- 
rived. The principal conclusions are: (1) Galactic 
clusters and globular clusters in the Galaxy are well 
separated on a P-V, V-I plot; (2) Linear diameters 
(to 0.9 total light) range from 20 to 50 parsecs, and 
absolute visual magnitudes from —6.8 to —9.6, with 
poor correlation between size and luminosity; (3) 
Globular clusters in M31 are intrinsically 0.2 mag. 
redder than those in the Galaxy; (4) The intrinsic 
colors of globular clusters in M31 well outside the 
spiral, and therefore presumed to be unreddened, 
have a range of 0.4 mag.; (5) Clusters in M31 seen 
against the spiral have an upper envelope on the /, 
P-V plot that suggests Ay/Epy=2.50+0.14; (6) 
Comparison of magnitude-frequency histograms gives 
a distance modulus of 23.5 to 24.0 for M31, and of 
19 for the Magellanic Clouds, with an uncertainty of 
0.5 mag.; (7) On the assumption that the absolute 
photographic magnitude of RR Lyrae variables is 
0.0, the distance to the galactic center, estimated in 
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two ways, is 12.5 and 12.0 kpc, with an uncertain 
of 1.5 kpc. 

Herbig obtained the spectrum of the relative 
bright O-type star von Zeipel 1128 in the globul 
cluster M3. The narrow spectrum at 48 A/mm w 
not ideal for classification, but it had the appearan 
of an early B star, rather than O8 as estimated 
D. M. Popper. The radial velocity was found to 
—157+7 km/sec, in good agreement with A. | 
Joy’s mean velocity of —159 km/sec for late-ty 
stars in the cluster. Membership of the O star is th 
beyond reasonable doubt. No lines from interstell 
or intracluster Car could be seen, but the periphe: 
position of the star makes the test insensitive for g 
inside the cluster. 

Woolf has examined the relative central conce 
tration of red giants, RR Lyrae stars, and blue a 
red horizontal branch stars in the globular clusi 
M3. On the theory that the stars of a cluster whi 
suffer mass loss in the red-giant phase can only gré 
ually adjust their distribution to that appropriate 
their new masses, the stars in the horizontal bran 
which have most recently been red giants shot 
show the higher central concentration. Existi 
counts give a tentative indication that stars at t 
blue end of the horizontal branch are the most cc 
centrated and that evolution proceeds toward 1 
redder stars in this branch. New 120-inch pho 
graphs exposed to show resolution at the center < 
being counted to test selectivity effects. 

Stellar Spectra. Bidelman is observing the spec 
of sharp-line stars of types B and A with the cou 
spectrograph. The hotter peculiar A stars, the ms 
ganese stars, have been examined in a search : 
stars with strong lines of ionized phosphorus, an 
ogous to those previously found in the B5 star 
Centauri. One such star, x Cancri, has been fou 
Detailed wavelength measurements and identifi 
tions are now complete for these two stars, and < 
being extended to other selected sharp-line stars 
early type. The object is to test the hypothesis tl 
such stars have already been through the red-giz 
stage and are now in a stage near the end of th 
evolutionary track, where surface or near-surf: 
nuclear reactions can produce abnormal abundance 
certain elements. 

‘Bidelman and Svolopoulos have used the spect 
graph on the 36-inch refractor for the continui 
program of observing all high-luminosity stars 
Ha, in a study of the absolute magnitude effec 
Also observed have been carbon stars and S-ty 
stars in the visual region, and B and A stars s: 
pected of being peculiar in a survey by D. L. E 
wards. The stars 14 Cygni, 25 Sextantis, HR 28 
HR 6718, HR 6967, and HR 7361 have been cx 
firmed as peculiar A stars. The star 88 Herculis 


\ B-type shell star. The stars 13 Tauri and HD 
18674, members of the Lacerta association, show 
louble Ha emission. 

| The card catalogue of stars having assigned spec- 
ie types on the Yerkes system, being maintained 
by Bidelman, has now been extended to include all 
stars with any spectroscopic indication of luminosity. 
Requests for information are welcomed. 

_ Miss Bretz and Sarma are obtaining spectra of all 
M stars brighter than the 7th visual magnitude in a 
Survey designed to find what fraction have a strong 
Lit line at 6707 A. This line, if present in strength, 
shows clearly on plates made with the grating spec- 
trograph on the 36-inch refractor. With the survey 
half completed, about 10% of the stars show a strong 
lithium line. Herbig, who suggested the survey, is 
observing these at high dispersion on the coudé spec- 
trograph of the 120-inch telescope. 

Miss Bretz obtained spectra of RS Ophiuchi 14 
months and 22 months after its 1958 outburst. Ex- 
cept for intense Ha emission, the emission lines are 
quite narrow and of moderate intensity. 

Interstellar Matter. Herbig is instituting a survey 
of possible interstellar absorption lines at the highest 
feasible dispersion. The long-focus camera of the 
coudé spectrograph shows details and line structure 
beyond that observed by W. S. Adams in his classic 
survey at 2.9 A/mm with the Mount Wilson 100- 
inch coudé. The weak interstellar line at 3143.2A 
found by Spitzer and Field in ¢ Persei is con- 
spicuous in the spectrum of £ Ophiuchi. Two new 
lines were observed at 3137 A and 3146 A. These 
would be expected if the line at 3143 A is due to CH, 
and confirm the identification previously made by 
M. Feast, and by McKellar and Richardson. Lines of 
OH and NH could not be detected in this star, 
despite careful search. Lines of CH and CH* are 
Strong in the spectra of the brighter stars of the 
VI Cygni association, taken at 16 A/mm. 

Miss Bretz examined the best plates of £ Ophiuchi 
at 2.0 A/mm in an attempt to set a more stringent 
limit on the abundance of C%* from the unobserved 
isotope lines of CH and CH*. She found that O. C. 
Wilson’s limit C?#/C*#¥2>5 could not be substantially 
improved. 

Woolf is observing interstellar lines with a high- 
Tesolution spectrum scanner. With the pressure- 
scanning Fabry-Perot interferometer a _ resolving 
power and minimum detectable equivalent width be- 
yond that attainable with a traditional narrow-slit 
spectrograph is expected. A search for very weak 
interstellar absorption lines is the first item on the 
program. A grant from the National Science Founda- 
tion, made on the basis of a proposal by Whitford, 
is supporting this work. 

Treanor observed the wavelength dependence of 
interstellar polarization of the light from 55 Cygni. 
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Bands about 100 A wide were isolated by an inter- 
ference wedge filter. The optical arrangements at the 
Tauchmann reflector provided close control of the 
effects of instrumental polarization. The results show 
a sharp maximum between 5600 A and 6100 A, and 
give some indication of a dip near 4400 A. 

Galactic Nebulae and Planetaries. Direct photo- 
graphs of the reflection nebula associated with the 
bright T Tauri variable RY Tauri, taken by Herbig 
in the winter of 1959-60, showed that its brightness 
had declined considerably. RY Tauri was at mini- 
mum at approximately the same time. 

Herbig has obtained photographs of several 
Herbig-Haro objects with the 120-inch at times of 
fairly good seeing. They show much fine detail. 
Filter photographs of Object No. 2 near NGC 1999, 
in which two new nuclei were found on Crossley 
plates in 1954, showed that these new nuclei, as well 
as other parts of the object, are composed of nebu- 
losity with much complex structure. A decision as to 
whether stars are embedded in the nebulosity will 
require plates taken in the very best seeing. 

Mayall and D. S. Peregrine have completed the 
discussion of radial-velocity measurements of about 
500 points in the filamentary structure of the Crab 
Nebula. Twenty spectrograms with the Crossley neb- 
ular spectrograph showed knots at \3727 A identi- 
fiable with features on a direct photograph. 

Mayall, with the assistance of Mrs. Cowan and 
A. Kruszewski, has completed a program of measur- 
ing radial velocities of faint planetaries, carried out 
cooperatively with R. Minkowski. The Lick portion 
gives velocities of 134 planetaries, of which 45 are 
common to Minkowski’s list of 142 velocities. 

Faint Blue Stars. Klemola has undertaken a com- 
bined astrometric, photometric, and low-dispersion 
spectroscopic investigation of a sample of about 100 
faint blue stars in the north and south galactic polar 
regions. The object is to determine from mean 
parallaxes the position on the H-R diagram occupied 
by the blue Population II stars of the galactic halo. 
The proper motions are being determined by com- 
parison of 20-inch Carnegie astrograph plates with 
star positions in the Astrographic Catalogue. Results 
to date indicate that about 30% of the stars have 
abnormal spectra. The abnormalities involve wide 
Balmer lines, a weak Catt K line and the features 
associated with peculiar A stars. No new white 
dwarfs have been found. An early B-type star, 
BD+10°2179, was found to be dominated by Her 
lines, with extremely weak Balmer lines. A rough 
study of this star on a spectrogram obtained by 
Herbig with the 120-inch coudé spectrograph showed 
Cu lines strong, but no detectable oxygen lines in 
any stage of ionization. The star resembles HD 
124448, found by D. M. Popper, and must have a 
very low H:He abundance ratio. 
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Colors, Spectrophotometry. Whitford and Sears 
have undertaken a program of six-color photometry 
of high-velocity stars begun by Kron and Strom- 
gren. About 125 stars have been observed, in addi- 
tion to 50 Hyades stars taken for comparison pur- 
poses, and some red giants in other galactic clusters. 
The green-red-infrared colors appear to be unaffected 
by composition and blanketing, and give good tem- 
perature indices. Dwarfs of F- and G-type in Eg- 
gen’s y Leonis group show little ultraviolet excess, 
except for HD 208906. Of 14 stars in J. B. Oke’s 
list of “stars of below and to the right of the M67 
subgiant-giant branch in the color-magnitude dia- 
gram,” only y Herculis shows a large ultraviolet 
excess compared to the Hyades. 

G. E. and K. G. Kron have obtained a partial light 
curve of AR Cassiopeiae in six colors. The object is 
to provide an independent check point on the tem- 
perature scale of Stebbins and Kron, the point being 
at the temperature of the B3 component of the 
binary. 

Stebbins is working on the final reductions of the 
absolute calibration of the six-color temperature scale. 
Blanketing corrections are being incorporated. 

Galaxies. Mayall continued his program of deter- 
mining radial velocities of members of the nearer 
groups and clusters of galaxies. Twenty-three veloci- 
ties were added to the list, including seven in the 
Fornax I cluster. 

Spinrad is observing the spectra of the brighter 
galaxies in the visual and red regions. On low- 
dispersion spectra Mgt and Nat lines and the red 
TiO bands can be seen. The aim is to obtain infor- 
mation on the stellar population. Marked differences 
in the sodium D lines appear among the Sb and the 
E galaxies; their presence implies a considerable 
proportion of dwarf stars. 

Shane and Wirtanen are now “making saiiple re- 
counts of 180 plates of the Lick Sky Survey in order 
to reduce counts of galaxies iri all nine areas to a 
common standard of limiting magnitude. The results 
on four of the areas appeared in the Astronomical 
Journal 64, 197, 1949. Uli Steinlin was a joint author. 

Lallemand, Duchesne, and Walker obtained a 
spectrum of the nucleus of M31 with the image tube 
in very good seeing. The nucleus out to a radius of 
2”2 was found to be rotating much more rapidly 
than the other parts of the central region. On the 
assumption of a true distance modulus of 24.2 mag. 
the nucleus has a period of rotation of 5.2X10* years, 
a mass of 1.3107 suns, and a radius of 7.4 parsecs. 
The mass-luminosity ratio has a value of 3.6 based on 
a blue magnitude B=13.2 for the nucleus. A report 
on this work appeared in Publications of the Astro- 
nomical Society of the Pacific 72, 76, 1960. 


A. E. Wuitrorp, Director 
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Louisiana State University Observatory, Baton 
Rouge, Louisiana | 


Personnel. Dr. Pierre Demarque resigned as As- 
sistant Professor of Physics and Astronomy in June 
1960 to take a position at the University of Illinois. 
However, with the aid of a National Science Founda- 
tion grant he stayed on during the summer to inves- 
tigate the effect ef chemical composition on stellar 
evolution. The teaching assistants for the year were! 
John Nelson Hubbell, Jr., Fred E. Ellis, and Ran-| 
dolph L. Lesseps. Research assistants were Jonas T. 
Holdeman, Jr., and John Geisler. 

Research. Grenchik and Fuller completed a daa 
tailed calculation on hydrogen-line profiles of the 
white dwarf 40 Eridani B using the revised formulae 
of Kolb, in which the relative contributions of elec- 
trons and ions in Stark broadening are taken into 
account. The far wings of the line remain broader 
and deeper than the observed profiles as in Gren- 
chik’s previous model which gave equal weight to 
ions and electrons in broadening process. However, 
the section of the line nearer to the center is not as 
deep. 

Demarque continued his studies of the internal 
structure of metal-deficient stars of masses between 
1.0 and 0.6 solar mass, with particular emphasis on 
the structure of the hydrogen convection zone. A new 
series of calculations was made doubling the value of 
the mixing length parameter, which had previously 
been estimated to be approximately equal to the pres- 
sure scale height in the atmosphere. Some of the re- 
sults were presented at the Symposium on Subdwarf 
Stars at the Pittsburgh meeting of the Americatt 
Astronomical Society. 

With the help of a grant from the National Science. 
Foundation, a theoretical program on the effect of 
chemical composition on stellar evolution has been 
initiated by Demarque, assisted by Geisler. The main 
purpose is to reconsider the calculations of Hoyle 
and Schwarzschild, and of Kippenhahn, Temesvary 
and Biermann of evolutionary tracks in the giant 
region of the H-R diagram and to improve on them, 
when possible. The main emphasis of the program is 
on the effect of chemical abundance differences on the 
shape of the evolutionary tracks. 

Holdeman has completed the conversion of a Leeds 
and Northrup microphotometer to a direct intensity. 
instrument by means of a function generator. Objec- 
tive prism spectrogram densities can now be trans- 
formed directly to intensities at an average wave- 
length by means of calibrations obtained from a 
series of exposure spots. This work was aided by a 
grant from the Research Corporation. 

Lesseps set up a computer program using the Reiz 
formulae for the checking of the constant flux condi- 


fion in stellar atmospheres, mainly in late B and early 
A stars. 
| Teaching. Enrollment for the elementary classes 
was approximately 500. The advanced classes of In- 
troduction to Stellar System Astrophysics, Astro- 
homical Spectroscopy, and Stellar Atmospheres had 
ja total enrollment of about 25. Grenchik conducted 
the Astronomy section of a general science course 
sponsored by NSF science teachers at the junior-high 
level. Masters’ degrees in Physics with an Astronomy 
es were granted to Jonas T. Holdeman, Jr., and 
Randolph L. Lesseps. The Ph.D. degree in Physics 
was awarded to Jerry Don Fuller for his white-dwarf 
line profile calculations. 
Building. The extension to Nicholson Hall will be 
completed early in the first semester 1960-61. As- 
tronomy will then have three elementary labs with 
dark rooms and two advanced labs. It will also have 
a Spitz planetarium model A3-P with a 30-foot 
‘dome. The planetarium will be ready in December, 
1960. The 124-inch reflector and the 8-inch Schmidt 
will be mounted on the roof of the new extension. 
Miscellaneous. The Observatory was able to main- 
‘tain a regular Thursday night open house with Wil- 
liam J. Reynolds presiding. Groups of 50 to 100 were 
conducted through an observing session each clear 
Thursday. In addition, five public lectures were given 
by staff members and visiting astronomers during the 
year. Graduate assistants and majors took part in the 
programs. Visitors during the year were John B. 
Irwin and Marshal H. Wrubel of Indiana University. 


Raymonp T. GRENCHIK, in charge 


Lowell Observatory, Flagstaff, Arizona 


Personnel. Additions to the staff were Krzysztof 
Serkowski, Norman Thomas, and John B. Priser. 
The following people were on temporary appoint- 
ment: T. E. Houck, Jan Borgman, Florence M. 
Scohy, R. I. Mitchell, Philip Downum, Robert de 
Neville, A. H. Seeglitz, Ivan Dryer, Philip Ianna, 
and P. A. Wehinger. Resignations from the staff 
were Charles Slaughter, K. L. Hallam, H. L. John- 
son, and Braulio Iriarte. W. A. Baum, W. K. Ford, 
Jr., and M. A. Tuve were at the Observatory on 
several occasions in connection with work being car- 
ried on by the Carnegie Image Tube Committee. 
Other guest investigators were Harold F. Weaver, 
Ann R. Geoffrion, Otto G. Franz, Richard E. Mc- 
Crosky, Harold Cobb, Clyde W. Tombaugh, Brad- 
ford A. Smith, Monty C. Stanford, J. C. Robinson, 
David Steinmetz, W. L. Wilcock, Gerhart Goetz, 
and E. J. Sternglass. 

Physical Plant. An agreement was signed in July, 
1959, by representatives of Ohio State, Ohio Wes- 
leyan and the Lowell Observatory which outlined a 
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mutually satisfactory arrangement by which the 
Perkins Telescope might be moved from Delaware, 
Ohio, to a site ten miles southeast of Flagstaff, 
Arizona. Observing time at the telescope would be 
shared equally between the Perkins and Lowell 
staffs ; the Lowell Observatory would be responsible 
for maintenance, while title and ownership would 
remain with Ohio Wesleyan University. Subsequent 
grants awarded to the Lowell Observatory and to 
Ohio Wesleyan University by the National Science 
Foundation made it possible to activate this agree- 
ment. Construction was started in May and the dome 
is scheduled for completion in December, 1960. 

The Ronnie Morgan Telescope, a 34-inch Casse- 
grain, given to the Lowell Observatory by Ben O. 
Morgan of Odessa, Texas, was placed in operation 
in the spring of 1960. The building contains a labora- 
tory, a darkroom, and modest living accommodations, 
and is situated 1200 feet west of the Administration 
Building. By an agreement made with the Depart- 
ment of Terrestrial Magnetism of the Carnegie Insti- 
tution of Washington these facilities are to be used 
almost exclusively for testing image tubes and, 
more importantly, for obtaining astronomical results 
through their use. The first such results are cited 
elsewhere in this report. 

A very important attachment to this telescope is 
a grating spectrograph designed and built under the 
supervision of W. Kent Ford, Jr., at DTM. This 
spectrograph, specifically designed for use with image 
tubes, has a collimator focal length of 33 inches and 
cameras of 7 and 12 inches focal length. The disper- 
sion for the 12-inch camera is 23 A/mm in the 
second-order blue. Provision has been made for 
visual guiding on faint objects by continuous use of 
a high-gain image tube using a portion of the light 
which has passed through the entrance slit. 

Planetary Programs. An extensive study of the 
photographic collection at the Lowell Observatory in 
addition to research on the planets and moon in the 
infrared has been undertaken with the support of the 
Cambridge Air Force Research Center. A systematic 
study of blue clearing on Mars has been made by 
E. C. Slipher and Marjorie K. Sinton. They made 
independent estimates of blue clearing on 60700 
images of Mars for oppositions which occurred from 
1926 to 1958. 

Although there is a strong tendency for photo- 
graphs in the blue to show planetary features when 
Mars was near opposition, there are also several 
examples of strong blue clearing, 60 to 70 days from 
opposition. There is evidence that the blue clearing 
can be different on different sides of Mars on the 
same night. It appears that it is meteorological in 
character; on rare occasions diurnal changes were 
evident. Strong blue clearing was observed during 
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the three-week period when the dust storm on Mars, 
during the opposition of 1956, was in its conspicuous 
phase. 

E. C. Slipher examined and catalogued all yellow 
and red photographs made from 1907 to 1958 for 
“white or yellow clouds.” He also recorded examples 
of abnormal changes in dark markings that do not 
belong to the seasonal pattern and recorded a list of 
rare transitory dark markings. Composite negatives 
for all phenomena of special interest are being made 
by Robert Neville and Ivan Dryer. 

Marjorie K. Sinton has completed the reduction of 
the photoelectric observations of Mars made in 1956 
by H. L. Johnson and Claude F. Knuckles. She has 
also reduced photoelectric observations of Venus 
made at Lowell in 1954 and 1956. 

Observations for a series of maps of isotherms of 
the moon were made by William M. Sinton and Ann 
R. Geoffrion, and isothermal contour maps were con- 
structed from these observations by Geoffrion and 
Marjorie Sinton. This series, which includes nine 
maps at a representative sampling of phase angles, 
has been published in Lowell Observatory Bulletin 
No. 106. 

Sinton received a grant from the Research Cor- 
poration for the construction of an interferometer 
with which he plans to obtain spectra of the planets 
between 1 and 4p. The interferometer should provide 
spectra having much higher resolution than it is 
possible to obtain with conventional type spectrom- 
eters and will be used to study in more detail the 
organic bands which he has found in the dark regions 
of Mars. ; 

Solar Variations. The solar variation project has 
been continued with the financial support of the Air 
Force. After the resignations of Johnson and Iriarte, 
Serkowski has assumed the prime responsibility for 
carrying on the project. A study of the albedoes and 
phase variations of Uranus and Neptune by William 
M. Sinton is published in Lowell Bulletin No. 95 and 
a summary of the results obtained during the first 
seven years of the program is published in Bulletin 
No. 96. 

Proper-Motion Program. The proper-motion sur- 
vey of the northern hemisphere utilizing the 30-year- 
old plates taken with the 13-inch photographic tel- 
escope was continued by H. L. Giclas, Robert 
Burnham, Jr., and Norman Thomas. The results 
from the first 50 plates were published in Lowell 
Bulletin 102. A second NSF grant, making possible 
a three-year continuation of this work, was received 
in January, 1960. Over 4300 measures have been 
made in 32 additional regions this year and 1731 
stars with motion 20’27/year have been retained for 
future publication. Of this number, after eliminating 
duplicate measures and previously known proper- 
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“March 21, 1960, and to about 0. 2 a.u. of the earth on} 


motion stars, we find 756, or about 44%, are newly] 
listed stars of large proper motion. Among these | . 


1 16™5 red star in Pisces with a motion of — 
17/91 /year. 
8 Stars with motion 21’0/year. 
Stars with motion 205/year. 
18 Suspected white dwarfs. k 
17 Close (<1°). pairs with common motions. | 
4 Companions to known proper-motion stars. | 
2 Triple systems. 


Comets. Two 14th magnitude comets were dis-| 
covered on plates exposed in connection with the} 
proper-motion program by Robert Burnham, Jr.} | 
Comet 1959 k, discovered on December 30, 1959,| 


i 
came to about 0.50 a.u. of the sun at perihelion on} 


approximately the 4th magnitude. Comet 1960 a was} 
found on a plate of January 21, 1960. Parabolic} 
elements computed by B. G. Marsden showed that} 
this comet passed perihelion on September 29; 1959} 
at a distance of 1.1 a.u. Burnham, using the 13- inch | 
telescope, recovered P/comet Finlay on June 21,) 
1960. Giclas measured the accurate positions of these } 
and other selected moving objects. | 

Sinton has made photoelectric observations of Com- | 
ets Giacobini-Zinner, 1959 6 and Burnham, 1959 k. . | 
The measurements were made using a series of) | 
aperture sizes and through U BV filters and a nar- | | 
rower blue-green filter that transmits primarily the” 
C, emission. 

Open-Cluster Project. Photoelectric observations 
of selected comparison stars in 70 open clusters were 
completed. About sixty clusters were observed by | 
Iriarte and Hallam at the Lowell Observatory and | 
about ten were observed at Hoag at the Naval Ob-_ 
servatory. Additional and check observations were . 
made by H. L. Johnson at the 82-inch. The photo- 
graphic plates, secured by Hoag, were entirely meas- 
ured and partially reduced by Seeglitz, Scohy, and | 
Downum. H. L. Johnson remained as principal inves- _ 
tigator when he assumed his new position at the Uni- | 
versity of Texas. The final reductions and discussion | 
are being carried on as previously planned, but at an 
accelerated rate, in order that the results may be 
made available in 1961. This project is, in part, being 
supported by an ONR contract with the Lowell ~ 
Observatory. 

Image Tube Project—Carnegie Image Tube Com- 
mittee. 

(1) Comparative tests. In March and April, 1960, 
W. L. Wilcock and W. A. Baum made comparative 
measures at the 24-inch Morgan telescope using a — 
five-stage transmission-secondary-emission multiplier 
designed by, and constructed under the supervision 


| 

of, Wilcock at the Imperial College of London. De- 
“\pite unfavorable seeing conditions a many-fold gain 
_was obtained over direct photography. The tube heed 
1 photon gain of about 10000 and a resolution of 15 
ine pairs per millimeter on its 1-cm phosphor. 

__A second comparative test, involving the use of 
“spectra, was carried on by Gerhart Goetz and Ernest 
J. Sternglass of the Westinghouse Corporation and 
W. Kent Ford, Jr. The Westinghouse transmission- 
“secondary-emission multiplier used in these tests had 
four dynodes and a gain and resolution similar to that 
“pf the tube made by Wilcock. It was, however, very 
tnuch more compact. Although a large gain over 
“direct photography was obtained, the observed con- 
trast and resolution left much to be desired. 

It is believed that each of these blue-sensitive tubes 
might provide a useful gain in spectroscopic work on 
joes -line objects. 


SL tt nea 


(2) Astronomical results using image tubes. For 
the first half of the year T. E. Houck and L. W. Fred- 
tick directed their efforts to obtaining infrared spectra 

using a modified prism spec rostanh designed by 

'V. M. Slipher many years ago. They employed mica- 

‘window tubes with both S11 and S1 surfaces which 

‘could reproduce spectra about six millimeters long 

with good definition and high efficiency. Spectra, 

‘comparable i in quality to those obtained by others in 

the infrared region on Z plates with much larger 

‘telescopes, were obtained with the 42-inch Clark 

reflector and a mica-window tube in much shorter 

time. 

_ Recently, Fredrick has obtained slitless spectra 
of three planetary nebulae (NGC 6572, 7027, 7662) 
between 1.0 and 1.2» using a ITT Laboratories mica- 
window tube on the DTM spectrograph on the Mor- 

gan telescope. All three planetaries show the 10 830 A 
line of helium, the line being most intense in NGC 

7027 which also shows the Paschen gamma line and 

two unidentified lines at approximately 11 340 and 
11570 A. Selected long-period red stars, such as 

R Leo, R Serp, YC Ven, UU Aur, are being followed 
in the same spectral region. 

Fredrick has been observing double stars using an 
RCA cascaded-image converter between the focus of 
the telescope and a high-speed motion-picture camera. 
Pairs with large magnitude differences such as 37 
Peg (Am=3™, sep 0’8) have given measurable im- 
ages. Close pairs such as 51 Aquila have also been 
resolved (a=046+0”05) ; some close pairs with 
separations on the order of 03 have been resolved 
but the measures do not agree with the results by 
visual observers and hence must be checked. 

Laboratory tests were made by Borgman in which 
an RCA cascaded-image tube was used as a light 
intensifier. These tests had two purposes: (a) use of 
an image tube as an eyepiece for a photometer to 
avoid the need for offsetting the field where faint 
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stars are to be measured; (b) as an aid for guiding 
in spectroscopy. The sky background is likely to be 
the limiting factor in (a) and may or may not be the 
limiting factor in (b). A gain of more than a magni- 
tude was obtained for both conditions. Further tests 
on telescopes are planned. 

Stellar Classification by Photoelectric Methods. Jan 
Borgman secured photoelectric measures of 65 stars 
in order to investigate the possibility of developing 
an impersonal method of stellar classification, Each 
star was observed on at least two nights in seven 
wavelength regions defined by interference filters. 
The wavelengths of maximum transmission for the 
filters ranged from 3295 A to 5880 A. 

Measurements of Polarization. Serkowski has 
made photoelectric measurements of the polarization 
of 100 stars in M25 using B and Y filters. A search 
for circular polarization has thus far given negative 
results. 

Conference on Polarization of Starlight by the 
Interstellar Medium. This one-day conference was 
sponsored by the National Science Foundation and 
the Lowell Observatory. Because of uncertain travel 
conditions in winter months in northern Arizona, the 
Kitt Peak and Steward Observatories kindly acted 
as host institutions. The conference was held in 
Tucson on February 6, 1960, The report of this 
conference and of the activities of those abroad who 
are active in polarization work was distributed as 
Lowell Bulletin No. 105. 

Joun S. Hatt, Director 


The Observatories of the University of Michigan, 
Ann Arbor and Pontiac, Michigan 


Tue Osservatory, Ann Arbor, Michigan 
PERSONNEL 


Following his retirement from the University of 
Amsterdam, Professor Herman Zanstra was in res- 
idence for the past year as Netherlands Visiting Pro- 
fessor. Dr. Donat G. Wentzel joined the staff as 
Instructor in Astronomy at the beginning of the 
second semester. Dr. James A. R. Samson, formerly 
of the University of Southern California, was ap- 
pointed Research Associate beginning February 1, 
1960 in connection with the NASA-sponsored pro- 
gram for the development of a satellite-borne solar 
telescope. Mr. William H. Follett also served as 
Electronics Engineer on the same project beginning 
November 1, 1959. Dr. M. R. Kundu, formerly of 
the Meudon Observatory, joined the ONR-sponsored 
radio astronomy project in September 1959 to con- 
duct research on radio burst emission from the sun. 
Dr. J. A. Roberts, on leave from the Radiophysics 
Division of the C.S.I.R.O. at Sydney, Australia, 
visited the radio astronomy project from May 15th 
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to June 30th. Dr. Dennis Walsh, formerly of the 
Manchester University radio astronomy group, was 
appointed Research Associate in September 1959 to 
work on the space radio astronomy program. spon- 
sored by NASA. Dr. Kenji Akabane also carried out 
work on the space radio astronomy program from 
September 1959 through June 1960, while on leave 
from the Tokyo Observatory. Professor F. D. Miller 
was appointed Associate Dean of the Horace H. 
Rackham School of Graduate Studies on July 1, 
1959, and his appointment in the Department of 
Astronomy was reduced to one-quarter time. The 
following graduate students served as part-time 
teaching and research assistants during the past year : 
Stephen M. Adler, Peter Boyce, Richard C. Canfield, 
Charles Cowley, Von Del Chamberlain, Robert Chap- 
man, S. S. Kumar, E. K. Lee, Stephen Maran, Anne 
Pyne, Helene Ramseyer, Robert G. Tull, and Lloyd 
Wackerling. 


BUILDING PLANS 


In the spring of 1960, the State Legislature appro- 
priated funds to begin the design and construction of 
a new physics-astronomy building which will provide 
new quarters for the Department of Astronomy, in an 
amount totaling about 21000 sq ft of space. The 
physics and astronomy libraries will also be combined 
in the new building, which is expected to be com- 
pleted in the fall of 1962. The astronomy quarters 
will include about 40 offices for staff and graduate 
students in addition to laboratories, seminar rooms, 
dark rooms, etc. The present observatory will con- 
tinue to house the 37-inch reflector, meridian circle, 
and 12-inch refractor until such time as ftinds are 
available for their relocation or replacement. 


INSTRUMENTAL 


Francis C. McMath Reflector. The Francis C. 
McMath 24-inch Cassegrain reflector has been moved 
from the McMath-Hulbert Observatory and _ relo- 
cated near the site of the 85-foot radio telescope at 
Portage Lake. The redesign of its mounting by the 
staff of the McMath-Hulbert Observatory, and its 
relocation in an area more removed from city lights 
have considerably improved its operation. The tele- 
scope, which first resumed operation in March, will 
be used almost wholly for photoelectric observations. 
Mr. Robert Tull, under Liller’s direction, has de- 
signed a combination direct photometer and double 
beam spectrophotometer to be used with the tele- 
scope. This novel instrument, which is scheduled to 
go into operation in midsummer, 1960, is being con- 
structed by Tull, Pickut, and Foerg in the Observa- 
tory shop. 

Satellite Solar Spectroscopy. Work has begun on 
the design and construction of satellite instrumenta- 
tion for solar observations under NASA contract, 


and under the general direction of Goldberg and 
Liller. In January 1960, Mr. L. W. Wolf and Dr. 
William Graebel of the University’s College of Engi- 
neering began the design of a framework to carry twe 
solar ultraviolet spectrometers. The instruments are 
to be.mounted in the S-16 satellite to be launched by 
a Thor-Delta rocket. Dr. James A. R. Samson i 
developing a laboratory for the testing and calibratior 
of flight equipment, and is participating in the desigr 
of the instrument packages. Mr. William Follett % 
designing and constructing the electronic components 
of the equipment. The tentative launching date of th 
Thor-Delta satellite is early 1962. With an instru 
ment payload capacity. of approximately 70 pounds 
it should have a pointing accuracy of about 1 to « 
minutes of arc. 

Radio Astronomy. The construction and testing o 
the 85-foot radio telescope have been completed. Dr 
Howard has evaluated the drive rate, pointing ac 
curacy, of the 85-foot radio telescope at a wavelengt#l 
near 3 cm by means of known radio source position 
and intensities. The positions of bright radio source 
are measurable to within 30 sec of arc in both co 
ordinates. At a wavelength of 3.7 cm the over-al 
antenna efficiency is about 50%. At a wavelength ¢ 
1.8 cm, the beam width is 3.5 minutes of are and th 
over-all efficiency is about 15% as determined fror 
measurements of radio sources by Dr. A. H. Barret 
These figures indicate that the reflector surface satis 
fies apeciietione. 

During the coming year it is planned to add aut 
matic digitalized data-recording equipment which wi 
record, in a form suitable a computing machin 
reduction, the coordinate positions, time, and radior 
eter output readings. 

At present, three operating radiometer systems ar 
installed on the 85-foot reflector : 

(1) a traveling-wave tube radiometer receivin 
over the spectrum from 7500 Mc/sec-8500 Mc/sec 

(2) a 16000 Mc/sec Dicke radiometer ; 

(3) a three-level ruby Maser radiometer at 870 
Mc/sec. 

The Maser radiometer was constructed by th 
University of Michigan Willow Run Laboratorie 
and is mounted at the focus of the 85-foot antenn: 
It operates at a liquid helium temperature of 4.25° ] 
and has a gain of 23 db and a bandwidth of 2 
Mc/sec. At present, the radiometer bandwidth is 
Mc/sec since it is determined by the i.f. amplifie 
Continuous operation for a period of 15 hr is possib! 
before replenishing the liquid helium. The signal fre 
quency is 8700 Mc/sec, the “double-pump” frequenc 
is 22.450 Mc/sec and the operating magnetic field ; 
3870 gauss. Operation began in February 1960 an 
preliminary results are very promising. The peak-t« 
peak output signal fluctuations are 0.05° K with a 1 
sec integration period. 
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The Dicke radiometer operating at 16 500 Mc/sec 
‘jas also been installed on the 85-foot antenna. Its 
andwidth is 10 Mc/sec. It employs a “magic-tee” 
valanced crystal mixer, and is switched by an elec- 
tronically controlled ferrite. 

The new sweep-frequency receiver covering the 
spectrum from 2000 Mc/sec to 4000 Mc/sec ten 
times every second has been in intermittent operation 
since the summer of 1959, with regular operation 
since January 1960. A new 200 sq ft building has 
been constructed at the base of the 28-foot radio 
telescope to house a large part of this system with 
controlled temperature and humidity. 

_ During the summer of 1960 the University plans 
to construct an 800 sq ft building to house electronic, 
servicing, and repair equipment adjacent to the 85- 
foot control building. The radio telescopes with their 
buildings have been fenced, the grounds are being 
landscaped, and the entrance roads and parking area 
will soon be paved. 

Over-all supervision of the radio astronomy project 
is in the hands of F. T. Haddock, Professor of As- 
tronomy and of Electrical Engineering. He is assisted 
by Research Associates Dr. A. H. Barrett, Dr. M. R. 
Kundu, and Dr. W. E. Howard. The project is a 
joint effort of the Departments of Electrical Engi- 
neering and Astronomy. Funds for equipment and 
technical support continue to be generously provided 
by the Office of Naval Research under contract. 

Space Radio Astronomy. The space radio astron- 
omy project, under contract with NASA, is planning 
to conduct two radio astronomy experiments in the 
0.1 to 30 Mc/sec band: (1) spot-frequency measure- 
ments from high-altitude probes and (2) sweep- 
frequency measurements from solar radio burst 
spectra from high-orbit satellites. These will be 
carried out at frequencies which are stopped by, or 
seriously affected in their passage through the ion- 
osphere. The former experiment may give informa- 
Hon on the spectral distribution of cosmic noise and 
also on electron density in the outer ionosphere and 
possibly in interplanetary regions; the latter experi- 
ment will examine solar outbursts by extending the 
spectrum of these bursts below the presently known 
lower limit. Several thousand square feet of floor 
space is being made available in a building on the 
main campus near the observatory for office and 
laboratory space for the space radio astronomy proj- 
ect. This project is supervised by F. T. Haddock and 
assisted by Dr. Walsh. Funds for equipment and 
rechnical support are provided by NASA _ under 
-ontract. 


OBSERVING PROGRAMS 


37-Inch Reflector. The past year the weather con- 
litions have been poorer than any other year in the 
past three decades. Between June 15, 1959, and June 
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2, 1960, 150 spectrograms were obtained, partly with 
the two-prism (glass) spectrograph, and partly with 
the quartz spectrograph. The plates are distributed as 
follows : 


Be spectra 62 
Composite spectra and binaries 35 
Various peculiar spectra 12 
Nebulae 14 
Nova Herculis, 1960 (Hassel’s nova) 16 
Miscellaneous 11 


Curtis-Schmidt Reflector. Mr. John Finnerty, As- 
sociate Astronomer at the Warner and Swasey Ob- 
servatory observed during the periods July 2-10 and 
July 31-August 6, 1959, and obtained 103 plates 
with the 4° prism for the Ha survey program of that 
observatory. 

Mr. Peter Boyce made blue and red exposures 
ranging from 30 minutes to one hour of the following 
edge-on galaxies: NGC 4594(Sa), NGC 4565(Sb), 
NGC 5907(Sb), NGC 4244(Sc). All plates are 
photometrically standardized. Isophotometering is in 
progress, with a view to deriving the distribution of 
light emission perpendicular to the galactic planes of 
these objects outside the region of interference by the 
galactic absorbing layers. 

Miller observed Comet Schaumasse on_ three 
nights; the plates permit comparison with this comet 
as observed with the Curtis Schmidt in 1952, Miller 
observed Comet Burnham (1959 k) on five nights, 
with special emphasis on plates made with the green 
interference filter for isolation of the A5165 band of 
C,. No objective prism plates were taken of Comets 
Burnham and Schaumasse, since observing time was 
severely restricted by cloudy weather. 

Francis C. McMath Reflector. In March, April, 
and May of 1960 the 24-inch was used with Liller’s 
f/5 scanner by Mr. Norman Schultz and Lilier to 
observe Comet 1959 k extensively. Both spectro- 
photometric observations and monochromatic iso- 
photes were made as the comet passed with 0.18 a.u. 
of the earth. 

Radio Astronomy. The 100-600 Mc/sec sweep 
receivers and the 2000-4000 Mc/sec sweep receivers, 
all operating on the 28-foot radio telescope, are in 
daily operation for recording dynamic spectra of solar 
bursts. The 85-foot telescope has been in operation at 
wavelengths near 3 cm and near 1.8 cm in observing 
the microwave emission from the planets, galactic 
nebulae, thermal and nonthermal radiation from radio 
sources, and in searching for thermal radiation from 
planetary nebulae and nearby spiral galaxies. 


SUMMARY OF RESEARCH WORK 


Radio Astronomy. Dr. Howard and Dr. Barrett 
are making an attempt to detect and measure the 
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radio emission from Mercury and from planetary 
nebulae at a wavelength near 3 cm. 

Dr. Howard has completed a preliminary catalogue 
of radio sources and their spectra from published and 
unpublished material, including his own measure- 
ments with the 85-foot radio telescope. The catalogue 
of radio source spectra contains 275 sources of which 
103 nonthermal sources are expected to have an 
antenna temperature greater than 0.05° K with the 
85-foot antenna at a wavelength of about 3 cm. 

Mr. Peter Boyce, a graduate student, is mapping 
the 3-cm wavelength isophotes of the Rosette Nebula. 

The detection and measurement of five radio 
sources have been made at a wavelength of 1.8 cm 
by Dr. Barrett. These sources are Cas A, Taurus A, 
Orion Nebula, M17, and Cygnus A. In addition, 
Venus has been detected. Mapping of the moon has 
begun and it may be possible to map the Orion 
Nebula and M17 with the 3.5 minutes of arc beam- 
width available. 

The radio results obtained at the Naval Research 
Laboratory of the planet Venus have been analyzed 
by Dr. Barrett in terms of a model atmosphere in an 
attempt to explain the discrepancy between the radio 
and infrared temperatures. Although the data are still 
meager in the mm band of wavelengths, it appears 
that radio results afford a means of probing below 
the cloud cover. On the basis of an atmosphere of 
75% CO,, 22-25% N,, and 0-3% H,O, the pressure 
at the surface of Venus must be between 10 and 30 
(terrestrial) atmospheres to coincide with the infra- 
red and radio temperatures. 

Statistical studies have been made by Dr. Kundu 
of the relation between solar radio emission and 
ionospheric absorption of cosmic noise’in polar cap 
regions (PCA), which is caused by fast protons from 
the sun after big flares. Broad-band meter-wave out- 
bursts (BCO)—hbelieved to be of the same nature as 
type-IV continuum radiation on meter-wavés—have 
been found to be closely associated with PCA events. 
Further, the PCA events have a tendency to start 
within five hours after intense BCO’s; for the less 
intense BCO’s the delay appears to be greater. 

The duration of the PCA events is closely related 
to the duration on the sun of “active regions” of noise 
storms (which in turn are associated with BCO or 
type-IV flares) after the occurrence of BCO (or 
type-IV) events, but is not related to the presence of 
“active regions” before the onset of the BCO. The 
PCA starts within several hours after a BCO event 
and lasts approximately as long as the “active region” 
is present, Our results support the suggestion that 
these solar cosmic rays are accelerated by the same 
process as the fast electrons which are responsible for 
BCO or type-IV radio emission near the sun and are 
trapped in the same region of the solar atmosphere 
associated with “active regions” of noise storms and 
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are not stored in interplanetary space. The energeti 
electrons lost their energy rapidly by this radiatior 
whereas radiation damping of the protons is negligi 
ble. These results appeared in Nature, May 21, 1966 

Dr. M. R. Kundu and Dr. J. A. Roberts compare 
the Convair-Caltech 500-950 Mc/sec spectral obser 
vations of solar bursts with the Michigan 100-50 
Mc/sec and 2000-4000 Mc/sec spectral observation: 

The existence of two classes of fast drift (type 
III) bursts was recognized from the comparison i 
the 100-580 Mc/sec range and, in some cases, in th 
2000-4000 Mc/sec range and at Convair-Caltech 1 
the 500-950 Mc/sec range. One class corresponds t 
the meter-wavelength bursts and predominantly e 
tend to the low-frequency edge of the records at 1( 
Mc/sec and the other to the decimeter-type burs 
which are observed to terminate mainly above 4( 
Mc/sec and typically between 400-550 Mc/sec. Or 
example of an event shows in the 500-950 Mc/s 
range a short continuum increase in time coincide 
with a group of meter-wavelength type-III burs 
preceding a type-II burst. Another example of 
similar event shows that the continuum increa 
exists at higher frequencies (<2000 to >4000 I 
/sec). A paper on this subject has been sent to tl 
Astrophysical Journal. 

Be Stars. During the past year McLaughlin h 
measured numerous spectrograms on this prograt 
as part of a general study of the emission changes at 
apparent velocity variations of all the stars of th 
class brighter than magnitude 5.0 and north of —2( 
declination. Reduction of the measures has been pe 
formed by Mr. Maran. Last year it was noted th 
Pi Aquarii had resumed its V/R variations aft 
years of inactivity. During the current report year 
very great inequality of violet and red emission cot 
ponents showed that its amplitude of variation 
increasing. A general discussion of interpretations 
V/R variation was prepared for publication in t 
Journal of the Royal Astronomical Society of Canac 

Novae and Supernovae. Numerous measures 
Lick and Mount Wilson-Palomar. spectra of nov 
have been reduced by McLaughlin. A study of t 
absorption spectra of Nova v528 Aquilae (1945) h 
been completed. In this spectrum numerous stro: 
absorption lines of neutral neon appeared during t 
early stages of the Orion spectrum. Nova Hercu 
1960 (Hassell) showed the red coronal line strong 
during April and May. The green coronal line w 
very probably present, blended with 5276 [Fevr 
on a plate taken May 25. Measures and micropk 
tometer tracings of Lick spectrograms of three supe 
novae of type I have been studied by McLaughl 
These are: SN-NGC 5668 (1954) ; SN-NGC 39 
(1956) ; SN-NGC 4374 (1957). In all three spect 
absorption-like minima give roughly consistent d 
placements when interpreted as absorption lines 
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1 B-type spectrum, with hydrogen very weak or 
ubsent, shifted negatively with equivalent velocity 
1000 to 6000 km/sec. However, all these features are 
much weaker and usually more diffuse than in SN- 
NGC 4214 (1954). 

“Gaseous Nebulae. Studies of the ultraviolet spectra 
yf the planetaries NGC 7027 and NGC 7662 have 
geen carried out by Aller in collaboration with I. S. 
Bowen and O. C. Wilson with the aid of the new 
ast camera in the coudé spectrograph at Mt. Wilson. 
[he intensity scale is being calibrated by photoelec- 
tic photometry. 

Model Atmospheres. A total of 24 model atmos- 
oheres and emergent fluxes have now been calculated 
ior white dwarf stars similar to 40 Eridani B by Tull 
and Liller with the University of Michigan’s IBM 
704 calculator. These were for all combinations of 
surface temperature, 7T,=11000, 15000, 20000, 
25 000, 30 000, and 35 000; H/He abundance ratios 
of 0, 0.10, 0.25, and 0.40; and surface gravity given 
by log g=8.00. 

The mean properties, i.e., electron and gas pres- 
sures, mass above photosphere, etc., of stellar atmos- 
pheres of different surface gravities and temperatures 
nave been investigated by Aller both for normal stars 
and subdwarfs. The investigation also included the 
dissociation equilibrium for compounds such as H,, 
meee, 0, OH, NH, C,; N,O., TiO and ZrO, 
faking into account the variation of depth of the 
photosphere as the continuous opacity changed. Ef- 
fects of variation of the carbon to oxygen ratio were 
included. Theoretical studies of the properties of the 
atmosphere of a star composed of pure helium have 
also been investigated. It is apparent that high-tem- 
perature models of helium stars are difficult to con- 
struct because of the nature of the absorption co- 
efficient, and the onset of instability in deeper layers. 

Galactic Structure. Wentzel investigated the effect 
of a large-scale galactic magnetic field on the motion 
of the interstellar medium. On the assumption that 
the galaxy is in a steady state, it is possible to show 
that there exist two circulations in the galaxy, driven 
by means of the transfer of angular momentum 
among different parts of the galaxy by the magnetic 
field. It is possible to explain satisfactorily the ob- 
served expansion of the “3 kpc arm” and the galactic 
central region which is observed not to participate in 
the surrounding expansion. 

Hydromagnetics. Wentzel showed theoretically 
that a star in equilibrium can support a magnetic field 
whose strength increases toward the star center 
nearly proportional to the gas density. By a varia- 
tional calculation it is possible to estimate that such 
magnetic fields distort the structure of the whole 
star significantly if their magnetic energy is five per- 
cent or more of the gravitational potential energy of 
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the star. Such magnetic fields would be unobservably 
small in the stellar atmosphere. 

Solar Composition. A large paper on the composi- 
tion of the solar atmosphere has been completed by 
Goldberg, Muller, and Aller and will appear as a 
supplement to the Astrophysical Journal in the fall of 
1960. Miss Muller is investigating the effect of de- 
partures from local thermodynamic equilibrium on 
the determination of solar abundances by attempting 
to derive the abundances of selected metallic elements 
from observations of line intensities at different 
points along a solar radius. Aller and his students 
have devoted considerable effort to the further im- 
provement of calculations of abundances from solar 
data. P. Mutschlecner has prepared the calculation of 
theoretical line intensities for the IBM 704 computer. 
His procedure takes into account the effect of over- 
lapping wings of absorption lines upon the continuous 
spectrum. Partition functions have been recomputed 
for many elements in the sun, in some instances re- 
sulting in considerable revisions in Class’ results. A 
new model of the solar atmosphere has been calcu- 
lated and an attempt made to calibrate the Minnaert 
Atlas on an absolute intensity: scale. 

Comet Studies. Mr. Raymond Watts made a study 
of the rapid development of short filaments in the tail 
of Comet Arend-Roland (1956 h) shown on the 
series of 17 eight-minute exposures made on the 
night of 4-5 May, 1957. Mr. S. Kumar is program- 
ing for the IBM 704 the calculations needed to predict 
isophote configurations of model comets observed in 
the light of neutral molecules such as C,. The pro- 
gram permits the introduction of a suitable decay 
rate due to dissociation or ionization of the molecule 
observed, 

Leo GoLpBErG, Director 


McMatu-Hutpert Osservatory, Lake Angelus, 
Pontiac, Michigan 


PERSONNEL 


There have been no changes in personnel since the 
time of the last report. The student observing assist- 
ants during the months of July and August 1959 were 
Chamberlain, Kopp, Martens, and Newsom, and Miss 
Higgins. 


GENERAL 


The. McMath-Hulbert Observatory has continued, 
as in past years, to operate on a reduced schedule 
because there are important vacancies in its staff. 
Until replacements for needed personnel can be ob- 
tained, the present staff members are maintaining a 
minimum program of observation of the sun, and are 
communicating the results of these observations and 
their interpretations to key organizations in the inter- 
national solar service established during the IGY. 
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Changes have been made, and are being made, in the 
observing instruments and techniques so that solar 
observations can be carried out with a minimum of 
man power. 


OBSERVING AND RESEARCH PROGRAMS 


The Lyot Monochromatic Photoheliograph. The 
observing and research program for the Lyot photo- 
heliograph has been continued throughout every clear 
interval. One hundred fifty thousand photographs of 
the solar disk have been made during the time cov- 
ered by this report. As a result of certain minor 
modifications the instrument now operates completely 
automatically, but an observer is required to main- 
tain visual observation of the sun. The visual ob- 
servations of the sun with the Lyot monochromatic 


photoheliograph are essential for the guidance of the . 


observing programs carried out with other instru- 
ments of the McMath-Hulbert Observatory. Con- 
siderable fractions of the Lyot photoheliograph obser- 
vations have been transmitted to individual research 
workers at other institutions upon receipt of requests 
for these data. 

Under optimum conditions the photoheliograph 
provides a precision of timing of plus or minus 4 sec 
for the various aspects of the development of solar 
flares. Under average conditions, the precision of 
timing is approximately plus or minus 15 sec. It is 
believed that these records, and other similar records 
made at other observatories, now are more precisely 
timed than any other aspect of solar observation. 

The McMath Tower Telescope. The McMath 
tower telescope continues to supply fundamental ob- 
servations of the calcium plages. These observations 
are distributed to a world-wide list of solar observa- 
tories and data centers who have requested this in- 
formation. The plages continue to occupy the most 
important position in the interpretation -of solar- 
terrestrial relationships of any of the observable 
features on the solar disk. 

Wavelength sweeps, begun last year, in the Mc- 
Math tower telescope and spectroheliograph, have 
been continued. Forty thousand spectroheliograms 
were made in this program from July 1, 1959 to 
July 1, 1960. Important new data, both with regard 
to the solar flares and to the Ellerman solar hydrogen 
bombs, have been obtained. A summary of the his- 
torical and observational status of the Ellerman solar 
hydrogen bomb has been published in the Proceed- 
ings of the National Academy of Sciences. Wave- 
length sweeps at the time of flares have indicated a 
relationship between intense solar centimeter radia- 
tion and the position of solar flares with respect to 
sunspots. These solar flare records produced by the 
wavelength-sweeping technique also provide data for 
determination of the total energy radiated by an Ha 
flare. The determinations based on the wavelength 
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sweeps records require significantly fewer assumy} 
tions than have been necessary in previous studies. | 

The McGregor Tower Telescope. The McGregq 
telescope and vacuum spectrograph have demo 
strated an ability to produce observations at a mud 
more rapid rate than they can be reduced with th 
existing limited staff. Nevertheless, observatio: ; 
have been continued on abundance programs, hydtq 
gen-line profiles, and the experimental determinatio} 
of absorption coefficients. Four hundred tracings hav, 
been obtained on the program of definitive mappin| 
of the solar spectrum from 7000 to 4000 A at thre 
different points on a radius on the solar disk. This sé 
of tracings will be completed within two years. It 
completion will establish a fundamental source « 
solar data for the study of all problems of the no 
transient features of the sun. Two hundred traci 
were obtained, covering the region from 4000 A t 

the ultraviolet limit of the solar spectrum as observe 

through the earth’s atmosphere. The ultraviolet trac 
ings extend and improve the existing McGregor ma’ 
of the ultraviolet solar spectrum. Publication of th 
ultraviolet solar spectrum map is in the hands of D1 
Walter E. Mitchell, Jr. The study of limb darkenin; 
in various parts of several of the stronger solar line 
has yielded interesting preliminary results with re 
gard to the heights of origin of solar spectrum line 
in parts of these lines. One hundred twenty photo 
graphic plates of various parts of the solar spectrum 
were obtained. Many of these spectrum photograph 
are better than any that have been made heretofor 
with the vacuum spectrograph. 

As solar activity has decreased it has become prof 
itable to photograph sunspots near the edge of th 
sun for the investigation of heights of origin of line 
over sunspots. Twenty-four plates have been obtaine 
in this program up to the present time. 

Observation of the doubling of the K, line of cal 
cium over the umbrae of sunspots and some of th 
implications of these observations with regard to 
model of a spot were reported to the Christmas meet 
ing of the American Astronomical Society. 

Snow Telescope at Mount Wilson, Californie 
Under the supervision of Dr. Walter E. Mitchell, Js 
of the Ohio Wesleyan and Ohio State Universit 
observatories, the Snow telescope has been operate 
ona special mapping program during the months c 
August and September, 1959. Dr. Mitchell’s prograr 
is very closely integrated with the ultraviolet mappin; 
of the solar spectrum that has been carried out wit 
the McGregor telescope. The results of the two in 
struments will be combined and published together 


AUXILIARY INSTRUMENTS 


The new densitometer-isophotometer has been i 
almost continuous operation during the past yea 
The observatory has donated a large fraction of th 


‘nuously on a 24-hour-a-day basis, and has contin- 
‘ed to produce isophotal tracings for the study of 
wiggly” lines, the areas of spiral nebulae, and the 
“reas of plates on the surface of the sun for the use 
\fmembers of the department. 

| A new measuring engine for the reduction of direct 
jhotoelectric tracing and the usual load of mainte- 
lance and modification of the existing observatory 
Instruments have occupied most of the time of the 
‘nachine shop. 

li OTHER RESEARCH 

| A survey was made of all flares observed and re- 
»orted during the IGY by world-wide solar stations. 
The number of flares and the lack of homogeneity in 
he world-wide data have been published in the Journal 
of Geophysical Research. This study was based on a 
catalogue prepared at the McMath-Hulbert Observa- 
tory for use in its research programs. The catalogue 
prepared at the McMath-Hulbert Observatory is be- 
ing published by the U. S. IGY-World Data Center 
as an official IGY contribution. Data based on the 
McMath-Hulbert catalogue will also be published in 
the Annals of the IGY, Solar Radio Emission volume. 


Rozert R. McMatu, Director 


National Bureau of Standards, Washington, D. C. 
and Boulder, Colorado 


Intensive effort has continued toward the strength- 
ening and coordination of a unified interdivisional 
and interlaboratory program on “Measurement and 
Standards in plasma and~astrophysics” [1]. The 
work may be described under the three general top- 
ics: A. Atomic properties ; B. Gases in a quasi-steady 
State and not necessarily in thermodynamic equi- 
librium ; and C. Study of nonstatic gases. 

At the Washington Laboratories of the Bureau, 
the extensive program on laboratory spectra has con- 
tinued as part of A. Work has begun on the fourth 
and final volume of Atomic Energy Levels. This will 
include basic data derived from a study of the optical 
spectra of the atoms and ions of rare-earth spectra, 
i.e., of the elements 58 Ce to 71 Lu and 90 Th to 
102 No. 

New descriptions of ytterbium spectra have been 
made with tube and ring discharges; the number of 
observed lines has been increased from 1600 to over 
6000, and the Zeeman effect has been investigated for 
about 1000 lines [2]. Term analyses of Yb1 and 
Y bir are well advanced and will be completed within 
a year. 

Progress with the study of Thi has been excellent. 
A new description of thorium spectra has been 
completed [3] and work on the analysis continues. 
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The first and second spectra of praseodymium have 
been observed with a microwave discharge together 
with a spark, as source. Some measurements have 
been made. A microwave discharge and a hollow 
cathode are being used to observe cerium spectra. 

Work on the first spectrum of ruthenium [4], and 
on a description and analysis of the second spectrum 
of iodine has been completed [5]. The first and sec- 
ond spectra of bromine have been reobserved, with 
the number of lines increased by over 50%. The 
previously known Brt energy levels have been re- 
vised and greatly extended [6]. Similar work on 
Tati is in progress. 

Theoretical predictions of energy levels in low 
even configurations have been of great assistance in 
the interpretation of the optical spectra. These stud- 
ies include Rut [7], J11, and Tati, mentioned in 
the foregoing. 

An ultraviolet multiplet table including selected 
spectra of heavier elements is nearly finished. This 
table will form Sec. 3 of NBS Circ. 488, and will 
supplement Vol. III of Atomic Energy Levels. A 
finding list for the three sections will comprise Sec. 
4 and conclude this circular. 

A new multiplet table covering the entire range of 
optical spectra has been started to replace the 1945 
edition, which has been reprinted in an attempt to 
meet the current demand [8]. 

The Bureau is in process of collecting data and 
preparing an extensive bibliography on line intensi- 
ties and transition probabilities. 

Investigations of atomic beam light sources have 
continued. For photoelectric recording of interference 
fringes, complete compensation for systematic wave- 
length shifts can be achieved [9]. Interferometric 
studies of the Hg}® line at 2537 A, with a sealed-off 
atomic beam light source lead to the conclusion that 
this line has a half-width of 0.0016 cm™ as compared 
with 0.012 cm™ for the Kr** line at 6056 A. Conse- 
quently, this Hg?®* line would be suitable for the pri- 
mary standard of length [10]. 

A program of laboratory measurements of atomic 
cross sections is being continued and expanded. A 
careful measurement of the spectral dependence of 
the absorption coefficient of O-, in the visible spec- 
tral region, has been completed [11] by using the 
calibrations which were developed for a recent pre- 
cise measurement of the H- absorption coefficient 
[12]. Elaborate calculations of the H~ cross section 
[13] based on the Kohn-Hulthén variational princi- 
ple yield a spectral dependence which disagrees 
slightly but significantly from the experimental re- 
sult, and a more complete calculation is being at- 
tempted. Further work in negative ion spectroscopy 
will be undertaken with the completion of a high- 
speed ultraviolet monochromator. Measurements of 
other cross sections of astrophysical interest are 
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under way, including studies of low-energy electron 
scattering by H- and by atomic hydrogen. The cross 
section for elastic scattering of low-energy electrons 
by atomic hydrogen has been calculated [14] in 
- detail. 

Astrophysics. Observations of the spectrum of 
Mars made in 1956 at the Slope Observatory reveal 
strong absorption from the green to shorter waves. 
This absorption follows closely the laboratory obser- 
vations of NO,. It has been suggested that NO, and 
its dimer NV,O, can account for all observed color 
features of the surface and atmosphere of Mars 
epee oY 

In the preceding annual report from this Bureau 
the presence of VO, in Jupiter’s atmosphere [17] 
was suggested. Recent work [18] indicating extreme 
turbulence on Jupiter is not contradictory to the 
same general interpretation of the spectrum of this 
planet. 

The current revision of the 1928 edition of solar 
spectrum wavelengths is nearly ready for the prep- 
aration of press copy. Minnaert and his staff have 
measured the solar equivalent widths from 8700 A to 
3200 A, for inclusion in this monograph. 

The astrophysical aspects of parts B and C men- 
tioned before have been carried on mainly at the 
Boulder Laboratories. Because of the great detail 
possible in solar studies, particular emphasis has been 
given to collaboration with the Sacramento Peak and 
High Altitude Observatories, and with the Naval 
Research Laboratory. 

A strong collaborative program on_ theoretical 
studies exists with groups at the Institut d’Astro- 
physique de Paris; and on atomic -parameters of 
astrophysical interest applied to stellar atmospheres, 
with a group at University College, London. 

These programs include a series of investigations 
on “Source-function in a non-local thermodynamic 
equilibrium atmosphere” [19, 20] with application 
(1) to an atmosphere containing a system of aero- 
dynamic motions [21]; and (2) to a discussion 
of the energy balance of the solar chromosphere 
[22]. Collaborative studies have continued on: rocket 
ultraviolet spectroscopic observations of the sun; on 
the hydrogen Balmer lines in the sun; and on in- 
elastic collision cross-sections between excited levels 
of hydrogen [23]. 

The monograph “Physics of the solar chromo- 
sphere” has been completed [24]. 

At the Boulder Laboratories research on the au- 
rora, airglow, and other related fields, has continued 
[25]. 

This report has been prepared with the collabora- 
tion of L. M. Branscomb, R. N. Thomas, and the 
staff of the Spectroscopy Section, which is gratefully 
acknowledged. 
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Cuar.otte E. Moore, 
Atomic Physics Divisios 


National Radio Astronomy Observatory, Greet 
Bank, West Virginia 


This observatory is operated by the Weseciats 
Universities, Inc., under contract with the Nationa 
Science Foundation. The geographical coordinates 0: 
the pier of the 140-foot telescope are: longitude 
79°50'11” W; latitude, +38°26'17” N; elevation 
823 m. 

The observatory consists of four departments: As 
tronomy (Chairman, D. S. Heeschen); Researcl 
Equipment Development (Chairman, J. W. Findlay ) 
Major Design and Construction (Chairman, R. M 
Emberson) ; Administration (Chairman, F. J. Cal 
lender). Observations with the 85-foot telescope ar 
scheduled on a 24-hour per day basis, except for occa 


lonal interruptions for repairs and adjustments. The 
‘ressure for observing time is already so great that 
everal important programs have had to be postponed 
it omitted entirely, The construction in 1961 of a 
00-foot telescope of very limited sky coverage, for 
i-em A-line work, and the completion of the 140- 
dot precision telescope will relieve this situation, but 
jaere is no indication that any observing time will be 
vasted at these three instruments. 
| Astronomy Department. F, D. Drake completed a 
ligh-resolution study of the galactic center, which 
showed that the center of the galaxy contains at least 
wo large Hit regions, surrounded by two regions, 
jossibly projections of a ring, of nonthermal emis- 
jion. He also made measurements of the apparent 
‘lackbody temperature of Venus during the period 
‘acluding inferior conjunction. These measurements 
fave a mean blackbody temperature of about 580°K, 
‘onfirming the earlier NRL results. The measure- 
nents also suggest that the integrated disk tempera- 
ure of Venus increases as the planet goes through 
nferior conjunction. This is consistent with results of 
varlier observations, and suggests that Venus rotates 
lirectly. Drake also made the first, exploratory, 
earch for radio frequency emissions from extra- 
errestrial intelligent communities, using an especially 
lesigned radiometer of high sensitivity. 
_ The installation of equipment designed to give 
iecurate radio source positions has been completed, 
tnd Drake has commenced a program of measure- 
ment of positions of a number of discrete radio 
sources. The precision in a is of the order of 3 sec 
bf arc. The reductions in § are not yet complete but 
ire of the same order. This program (which will 
ater be extended to the 140-foot telescope) will be- 
tome one of the principal activities of the permanent 
staff. : 
|G. B. Field (research associate from Princeton 
Observatory) made a second experiment to detect 
ibsorption by intergalactic atomic hydrogen in the 
spectrum of the radio source Cygnus A. He found an 
pacity of —1.8x10% +1.4x10-%, not significantly 
different from zero. There is less than a 5% chance 
that the true opacity exceeds +1.610-; hence, the 
tatio of neutral atomic hydrogen density to spin tem- 
perature (z/T,) is probably less than 7.210% in 
intergalactic space. Field concluded, using a theory 
of T, which he developed earlier, that this implies an 
atomic density less than 2.3x10-* cm’ if the medium 
is less than 53% ionized. If the ionization exceeds 
53%, no conclusions can be drawn concerning 
density. 
_D. S. Heeschen has continued his observations to 
obtain accurate relative intensities of discrete sources. 
He has now completed observations at 22 cm of 45 
lentified extragalactic sources, of which more than 
ne-half give readily measurable signals. Of these, 20 
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have also been measured at a wavelength of 68.2 cm, 
and 10 at 3.75 cm. The observations are yielding 
information about the spectra of these sources, and 
about a possible relationship between the radio “color 
index” and absolute magnitude of extragalactic radio 
sources. 

D. Hogg (University of Toronto) has made 22-cm 
observations of the region around IC 1805. The con- 
tours of brightness temperature at 22 cm follow 
closely the distribution of optically luminous material 
in the region. There are three major sources of 22-cm 
emission in the region, identifiable with the Hur re- 
gions IC 1795, IC 1805, and IC 1848. He has also 
made 3.75-cm observations in a smaller region cen- 
tered on IC 1795. At this wavelength, what appears 
as a point source at 22 cm is resolved into two 
sources, which appear to be associated with bright 
knots in IC 1795, Hogg is obtaining optical data for 
this region to make a combined radio-optical study. 

T. K. Menon (University of Pennsylvania) has 
completed a study of the electron density distribution 
in the Orion Nebula, based on 3.75-cm intensity con- 
tours. A model of the distribution has been derived 
which predicts fluxes at a number of frequencies from 
8000 mc to 85 mc in close agreement with observa- 
tions. The model has a brightness temperature half- 
width of 7.3 minutes of arc. The discrepancy between 
this model and the model of Osterbrock, based on 
optical data, is attributed to the presence of condensa- 
tions of different sizes in various parts of the nebula, 
There are also indications of variations in electron 
temperature within the nebula. 

Menon is also making systematic measurements of 
fluxes of a number of symmetric Hi regions, to ex- 
tend the above type of study to different types of 
fit regions, 

In other investigations of diffuse nebulae, D. E. 
Osterbrock and R. E. Stockhausen (Washburn Ob- 
servatory) made a study of NGC 281 based in part 
on 22-cm observations, and R. Hobbs (Warner and 
Swasey Observatory) observed the region around 
M17, at 3.75-cm wavelength. C. R. Lynds has also 
made observations of several H11 regions. 

C. M. Wade has observed the extension which had 
been reported by Australian workers to exist on the 
north preceding side of the strong radio source Virgo 
A. The new observations show that the extension is 
really a separate discrete source, coincident in posi- 
tion with the El galaxy M84. According to a private 
communication from A. R. Sandage, M84 is crossed 
by a thin dust lane and thus bears some resemblance 
to the galaxies associated with the radio sources 
Centaurus A and Fornax A. 

Research Equipment Development Department. I. 
The Flux Density from the Radio Source Cas A. In 
March of 1960 measurements were started of the 
absolute flux density of radiation from the radio 
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source Cas A. It is well known that absolute meas- 
urements of flux density are difficult to make with 
any reasonable precision. Usual methods of measure- 
ment have involved the determination of the effective 
collecting area of a parabolic antenna. To determine 
the effective collecting area of such an antenna re- 
quires either a careful measurement of the polar 
diagram of the antenna or a careful comparison of the 
signals received on the antenna and on a horn an- 
tenna of calculable gain. In practice both these deter- 
minations prove to be difficult. Once, however, the 
collecting area of the antenna is known, the measure- 
ment of absolute flux density requires that only the 
antenna temperature due to the chosen radio source 
should be determined absolutely. In principle this can 
be done by allowing the source to pass through the 
antenna beam and comparing the deflection at the 
output of a receiver due to the source with the corre- 
sponding deflection caused by thermal noise gener- 
ated in a resistor as a result of a known change in 
the temperature of the resistor. In such a determina- 
tion corrections which are generally small have to be 
made because of the finite size of the radio source, the 
losses in inter-connecting cables, and the atmospheric 
absorption of the radio waves. 

One of the main difficulties of measuring absolute 
flux densities may be avoided by using for the ob- 
servation of the radio source an antenna whose gain 
can be calculated from its dimensions. The only an- 
tenna to which electromagnetic theory has been ap- 
plied with precision is the pyramidal horn. There is 
good reason to believe that the gain or effective col- 
lecting area of such a horn can safely be calculated 
from the physical dimensions of the horn. To make a 
good determination of the flux density'from the radio 
source requires that sufficient power should be col- 
lected from that source. Good radio astronomy re- 
ceivers can detect changes of antenna temperature of 
less than 1°K. It is, therefore, desirable that the radio 
source chosen should give a change of antenna tem- 
perature of about 10°K. The Cas A source is the 
strongest radio source in the sky. It is not an ideal 
calibration source in view of the fact that it has a 
fairly large angular diameter and that it lies fairly 
near the galactic plane. These two facts, however, do 
not provide sufficient difficulties to outweigh the large 
flux density available from Cas A. It was, therefore, 
selected as the calibration source and horn dimen- 
sions were chosen which would give an antenna tem- 
perature of approximately 10°K. This resulted in a 
horn whose aperture at the large end was about 
17.5X13 ft, and whose over-all length was about 
120 ft. This horn was constructed from sheet alumi- 
num, supported by aluminum channel and angle 
members on its exterior surface. In order that the 
horn, as constructed, could approximate as closely 
as possible an ideal horn, the inner surface was made 
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TABLE I. 


Effective collecting area, 


Frequency Mc/sec square meters 


900 13.64 

1000 12.90 
1100 12.13 } 
1200 11.34 

1300 10.55 
1400 9.76 } 
1500 8.98 it 


electrically continuous by welding all joints betwee) 
aluminum sheets and by making sure that these joint 
were welded on the inside surface. The horn dimen 
sions were chosen so as to make the horn an optimun 
horn at a frequency of 1400 Mc. By this is meant tha 
at that frequency the horn has a maximum gain fo 


a given length. It is possible, of course, to use such; 


horn at frequencies other than the one at which it 1 
an optimum design. The gain of the horn was caleu 
lated as a function of frequency, and Table I show 
how the effective collecting area of the horn varie 
with frequency. : 
The horn was built in a fixed position on an exist 
ing steep slope where the center line of the horn coul 
be supported at an elevation angle of approximatel 
30 deg. The azimuth angle of the horn was so chose 
that the Cas A source would transit through th 
center of the horn beam once a day at a position nea 
eastern elongation. A small observing room was buil 
at the lower end of the horn where the horn dimen 
sions are 6} X34 inches, and where the horn termi 
nates in a piece of standard waveguide and a transi 
tion to coaxial cable. In this observing room wa 
placed the radio astronomy receiver, which uses 
switch at its input so that the receiver is connecteé 
quickly either to the horn or to a resistive load main 
tained at a constant temperature. The receiver wa 
built at the Observatory and considerable care wa 
taken to give it good long-term stability. Experience 
has shown that the receiver can measure to somewha 
better than 0.5°K in antenna temperature. 
Measurements have now been made for som 
months at a frequency of 1400 Mc. The technique ¢ 
measuring is to observe the transit of the source fo 
a period of a few hours around the transit time. Dur 
ing this observation a comparison signal derived fror 
a gas discharge tube through suitable attenuators i 
switched into the receiver regularly. This compariso 
signal gives a change in antenna temperature approx 
imately equal to the change which occurs when th 
source passes through the antenna beam. After th 
transit the receiver is disconnected from the hor 
antenna and connected instead to a matched loa 
which is in a water bath whose temperature can b 
varied. Changes of bath temperature of an amour 
again approximately equal to the change in antenn 
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mperature due to the source are made and the 
sulting deflections are compared with the deflec- 
ms again provided by the same noise-tube source. 
he noise-tube source is, therefore, used only as an 
termediate step in obtaining a comparison between 
e change of temperature of the resistor and its cor- 
sponding deflection and the deflection due to the 
dio source. Since all the signals are nearly of the 
me power, no corrections are needed for nonlinear- 
y of the receiver. Corrections have to be made for 
mospheric absorption for small losses in intercon- 
cting cables for a small loss due to the imperfect 
nductivity of the aluminum of which the horn 

made. 

Present results show that an individual measure- 
ent on one day has a standard deviation of about 
5%. So far, 58 measurements have been made, and 
e mean value of the flux at 1400 Mc at present is 
17.6X 10-75 watts per square meter per cycle per 
cond. The standard deviation is +0.8%. The re- 
its of the experiment are very consistent from day 
| day but there is still the possibility that sources of 
‘stematic error may be discovered which could alter 
le value for the flux. The work will shortly be ex- 
nded to other lower frequencies and plans are being 
ade for making flux density measurements by other 
ans at much higher frequencies. 

II. The Protection of Frequencies for Radio As- 
onomy. Radio astronomy is a relatively young sci- 
ice. From the discovery of the first signals from 
ur own galaxy by Jansky in 1932 to the present 
ay, it has grown in an environment in which the 
se made of the radio frequency spectrum has itself 
creased enormously. Radio astronomers attempt to 
etect radio frequency powers of extremely low 
vels among many man-made sources of radio fre- 
uency energy. The receivers which radio astrono- 
lers use are of very high sensitivity and the antenna 
ystems have very large gain. With the best receivers 
ad a radio telescope 140 feet in diameter, any field 
rengths greater than about 10-* pv/m at any fre- 
uency between 100 Mc and 10000 Mc can be detri- 
ental to radio astronomy observations. 

At any radio astronomy observatory interfering 
ignals may be received in a variety of ways: (a) 
here may be direct radiation over a line-of-sight 
ath from some ground transmitter at a distance from 
le site; (b) signals may be received from ground 
ased transmitters over intervening obstacles by scat- 
ring mechanisms in the atmosphere; (c) signals 
lay be received from ground based transmitters due 
) scattering from aircraft; (d) power may be radi- 
ted directly from satellites or space vehicles in the 
ky within line-of-sight paths from the radio astron- 
my site; (e) radiation may be scattered by satellites 
t other passive objects in space which has emanated 
rom ground based transmitters. Radio astronomers 
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generally have taken considerable care in choosing 
locations for their observatories to minimize these 
defects ; (a) and (b) can well be avoided by choosing 
sites with good surrounding shielding by mountains ; 
(c) can be largely avoided by choosing a site far dis- 
tant from air routes; (d) and (e), however, are 
difficult to avoid. With the increasing use of space 
vehicles and the increasing growth of space science, 
both these sources of interference will become more 
serious. The future for radio astronomy, therefore, 
seems to rest on the hope that some relatively nar- 
row bands of frequencies may be reserved and cleared 
of transmissions at certain points throughout the 
radio frequency spectrum. 

J. W. Findlay has been working as chairman of an 
URSI Sub-Commission charged with preparing the 
ground for an international conference which was 
held in Geneva during the latter months of 1959. 
The duties of the subcommission were to get agree- 
ment among radio astronomers as to the frequency 
protection which was scientifically needed and to 
present these views at the 1959 Conference of the 
International Telecommunications Union. Very good 
agreement was reached among radio astronomers 
throughout the world of the needs of the science in 
protected frequency bands. This agreement was ap- 
proved by a meeting of the CCIR (International 
Radio Consultative Committee) at its meeting in 
Los Angeles in the spring of 1959. The CCIR at 
the meeting made a recommendation which sum- 
marized the needs of radio astronomy as seen by the 
scientists. The recommendation included a paragraph, 
asking for complete international protection tor bands 
of frequencies near the hydrogen line (1420.4 Mc), 
the deuterium (327.4 Mc) and the OH line (1667 
Mc). Among other recommendations of the CCIR 
was that protection should be given within a number 
of narrow frequency bands throughout the spectrum 
above 30 Mc/sec. When the Administrative Radio 
Conference convened, proposals were forthcoming 
from a number of countries to meet the needs of 
radio astronomy. The United States, the Netherlands, 
Great Britain, U.S.S.R., France, and Belgium all 
made significant contributions. The subject was 
treated very carefully by the Conference. An ob- 
server, representing the I.A.U., U.R.S.I. and 
C.O.S.P.A.R., was present throughout the duration 
of the conference. The main burden of providing 
this observer fell on the group of radio astronomers 
at the Leiden Observatory. Charles Seeger spent a 
large amount of time at Geneva. A large measure of 
the agreement obtained was due to the energies of 
the I.A.U. through its president, J. H. Oort. 

The outcome of the conference was that almost 
complete international protection was given to the 
hydrogen-line band of frequencies between 1400 and 
1427 Mc/sec. More limited protection was given to 
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frequencies at various points in the spectrum from 
2.5 Mc/sec up to 31.4 kMc. Although the protection 
given by the conference was not absolute, it neverthe- 
less represents to radio astronomy a very valuable 
first step. 

Major Design and Construction Department. In 
the late fall and winter of 1959-60, the Blaw-Knox 
Company returned to the Observatory to complete 
the installation of the 85-foot Howard E, Tatel tele- 
scope. This telescope was used by-the staff for about 
nine months in 1959, and has been in steady use 
throughout most of 1960. 

Throughout the year steady progress has been 
made on the fabrication of the 140-foot telescope at 
the Canton, Ohio, plant of the prime contractor, the 
E. W. Bliss Company. Except for the paraboloid 
surface panels, which will be needed last in the erec- 
tion program and none of which have yet been fin- 
ished, about 90% of the metal components of the 
telescope have been fabricated or are well along in 
the Canton shops. There has been a disappointing 
lack of activity at Green Bank, explained as a deci- 
sion, in the interest of efficiency, to postpone field 
work until Bliss is prepared to ship essentially all 
of the telescope. Many difficulties have been en- 
countered at Canton, and the project is more than 
a year behind schedule. Satisfactory technical solu- 
tions have been found for all problems, and there is 
every reason to believe that the telescope will give 
the performance expected of it. 

The first phase of the general site development was 
completed during the year. Three buildings are now 
in use. The Karl G. Jansky Laboratory houses the 
electronics department on the ground floor and 
offices for the staff on the second floor. Part of the 
basement was used in the summer of 1960 as an 
exhibit and lecture hall for the ply increasing 
flow of visitors and tourists. 

The residence hall at present provides four first- 
floor apartments and sixteen second-floor rooms; it 
also contains a general lounge area, a cafeteria, and 
basement areas for storage of personal items, laundry 
equipment and a recreational area. A third building 
provides shop facilities for all site maintenance and 
repair activities. A system of three interconnected 
wells and a tank are the principal components of a 
water system which supplies both the major buildings 
and a fire-hydrant system for this area of the site. 
A common sewer system has also been installed to 
serve this area. At other locations there are individual 
well and septic systems, as needed. 

A new 66-kv electric power line that passes about 
seven miles west of the site, plus a branch line that 
operates at 12 kv, now assures the Observatory of 
a dependable electric supply. The transformer sub- 
station at the site has a connected capacity of about 
three megawatts, which should be sufficient for some 
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time. The 12-kv feeder is carried in shielded 
for the portion that is not directly shielded from 
Observatory by mountain ridges. On-site power 
tribution is at a 4160-v level through an undergroum 
system, to minimize the possibility of radio inte 
ference. . 

Administration Department. I. Staff. The total 
servatory staff on June 30, 1960, exclusive of | 
search collaborators and guests, was 90, maki 
net increase of 26 in the preceding 12 months. Thirh 
one persons are scientists. The sudden increase 1 
the size of the staff in June, 1960, repeats the exper 
ence of the first full summer observing program 1 
1959. In this last month of the fiscal year, in additio 
to the regular scientific staff of six, there were on fl 
staff as salaried visitors six associate astronomer 
one associate physicist, eight graduate research a 
sistants and eleven junior research assistants (unde 
graduates). 

Five foreign scientists have participated in or col 
tributed to research activities at the Observa 
during the past 12 months. The engineers i 
Observatory staff are almost solely concerned w 
completing the design and construction of the 14 
foot radio telescope. This staff has decreased som 
what during the past year with the completion | 
other construction programs. The number of tee 
nicians has increased from 11 to 19, The operatic 
of the 85-foot radio telescope and the strong at 
growing electronics and maintenance program hi 
required a steady increase in the quality and na 
of skilled technicians. 

Until fiscal year 1960 very little in the way 
maintenance activities was necessary. However, i 
the completion of the initial physical plant it has be 
necessary to increase maintenance personnel fror 
to 17. In addition to the operation and maintenan 
of the buildings, utilities, and site, maintenance pe 
sonnel have assumed responsibility for mechanic 
maintenance of the 85-foot radio telescope and oth 
instruments. 

During the past year the number of admintseel 
clerical, secretarial, and employee services staff h 
increased from 13 to 18. 

II. Maintenance. During the past year the oil 
maintenance and operation responsibilities and 1 
quirements of the Observatory have increased mat 
edly. The maintenance staff of the Observatory 
now responsible for maintaining and servicing 26 
acres of land, nine residences, six miles of on-s 
roads, one and one-half miles of underground ele 
trical services, a central water and sewer syste 
60 000 sq ft of building space, etc. : 

III. Public Education. The growing interest of t 
general public in the Observatory has created 
serious problem during the past year. In order 
meet this, the Observatory has established a a 


hblic education program which includes a daily tour 
the Observatory with a brief lecture and a review 
the exhibits. Professor Robert Fleischer, of the 
lensselaer Polytechnic Institute, is in charge of this 
rogram for the summer of 1960, and he will, during 
is stay at the Observatory, develop plans for a long 
ange program in this area. Approximately 2000 
ersons visited the Observatory between July 1 and 
iugust 14. 


ee 
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Otto Struve, Director 


‘he Observatories of the Ohio State and Ohio 
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Personnel. Dr. Philip Keenan served as Acting 
Director of the Observatory until November, 1959, 
vhen Slettebak was appointed Director and Pro- 
essor of Physics and Astronomy. Dr. J. A. Hynek 
‘ubmitted his resignation to the Ohio State Univer- 
‘ity in November, 1959. He will assume the chair- 
nanship of the Astronomy Department at North- 
western University in the autumn of 1960. The 
racancy created by Dr. Hynek’s resignation will be 
led by Dr. Walter Bonsack, Mount Wilson and 
Palomar Observatories, who will join the Perkins 
staff in September, 1960. 

Dr. Wilhelmina Iwanowska, Director of the Ob- 
servatory at the Copernicus University in Torun, 

oland, was appointed Visiting Professor for the 
period February 1 to June 15, 1960, under a grant 
from the Foreign Visiting Professors Program of the 
American Astronomical Society. Dr. Iwanowska gave 
a graduate lecture course and carried out research 
programs with the 69-inch telescope. 

The annual McMillin Lecture was given by Dr. 
Donald Menzel, Director of the Harvard College 
Observatory. Other visiting lecturers included Dr. 
W. Becker, Dr. John Irwin, Dr. R. A. Lyttleton, 
Dr. J. J. Nassau, Dr. Helen Dodson Prince, and 
Dr. C. Schalén. 

Part-time graduate research and teaching assist- 
antships were held by P. Barnhart, J. Hill, and R. 
Roll. Mr. H. Fliegel was awarded the degree of 
Master of Science from the Ohio State University. 


FACILITIES AND INSTRUMENTATION 


Telescopes. An agreement between the Ohio State 
University, Ohio Wesleyan University, and the 
Lowell Observatory regarding the renovation and 
moving of the Perkins 69-inch telescope to a new 
Site near Flagstaff, Arizona was signed on October 
15, 1959. Funds to help make the move possible were 
provided by the National Science Foundation in 
December of 1959. The agreement also provides for 
the installation of the Schottland 32-inch reflector to 
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replace the 69-inch telescope in the Perkins Observa- 
tory dome, and for the installation of the Schottland 
16-inch Schmidt telescope in a separate housing be- 
hind the Observatory. Financial support for the 
Schmidt installation and purchase of an ultraviolet 
glass objective prism for the Schmidt were provided 
by the National Science Foundation. 

Engineering and construction of the new dome 
near Flagstaff are going on under the direction of 
Dr. John S. Hall, Director of the Lowell Observa- 
tory. Present plans call for the moving of the 69-inch 
telescope in the spring of 1961. The Schmidt dome is 
nearly complete and the telescope will be installed 
during the summer of 1960. 

Auxiliary Spectrographic Equipment. The Yoder 
grating spectrograph for the 69-inch telescope is 
nearing completion in the Perkins machine shop 
under the direction of Keenan and with the help of 
National Science Foundation funds. The testing and 
adjustment of the spectrograph are continuing and 
should be completed during the autumn of 1960. 

The design and construction of a precision com- 
parator for the measurement of stellar spectrograms, 
incorporating oscilloscope display, projection view- 
ing, and digitized output was initiated by Dr. Walter 
E. Mitchell, Jr. 

Shock Tube Laboratory. The luminous shock tube 
in the basement of the McMillin Observatory on the 
Ohio State campus has been completed under the 
direction of Slettebak, with funds provided by the 
Air Force Cambridge Research Center. Testing of 
the installation is now going on and astrophysical 
investigations should begin later in 1960. 


RESEARCH 


Map of the Solar Spectrum. Mitchell spent the 
summer of 1959 at the Mount Wilson Observatory as 
a Research Associate with the University of Mich- 
igan, making observations preliminary to the con- 
struction of maps of the ultraviolet and photographic 
infrared regions of the solar spectrum. In October 
1959, he received a National Science Foundation 
grant to support the first year of this project. A 
detailed examination of several McMath-Hulbert 
maps furnished by Dr. Orren C. Mohler for the 
region AA3000-3650 shows approximately 250 fea- 
tures not present in the Rowland Revised Atlas. 

Mira Variables. Keenan continued his spectro- 
scopic studies of the luminosities of Mira variable 
stars with the aid of a grant from the ONR. His 
work centered on the interstellar D lines. On coudé 
spectrograms taken at Mount Wilson, the interstellar 
lines could be resolved from the stellar components 
whenever the radial velocity of the star exceeded 
about 30 km/sec. Although several of the stars ob- 
served lie at rather high galactic latitudes, the inter- 
stellar lines were usually quite strong. The only low- 
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latitude variable in which the expected lines did not 
appear was X Gem, but the absence of sodium clouds 
in this direction agrees with other evidence suggest- 
ing a deficiency of interstellar absorption in this part 
of the Milky Way. 

Another result of this project was the recognition 
of a number of variable stars which are spectroscopi- 
cally intermediate between the true Mira variables 
and the stars of small amplitude (semiregular and 
irregular variables). 

R Serpentis. Spectrograms of the Mira variable 
R Ser taken by Iwanowska, Keenan and Mitchell in 
March, 1960, showed that the spectrum was quite 
peculiar. Most striking was the appearance of several 
of the blue bands of A/O in emission, only the second 
time that A/O emission was reported in stellar 
spectra, but the absorption spectrum of the star was 
abnormal also. Details have been published (Astro- 
phys. J. 132; 271; 1960), 

Galactic Pole Stars. Slettebak finished an investi- 
gation of the spectra of early-type stars near the 
north galactic pole aided by a National Science Foun- 
dation grant. Spectral types, rotational velocities, and 
radial velocities were determined from Mount Wil- 
son spectrograms for 84 stars brighter than magni- 
tude 12.0 and of type F2 and earlier, from the finding 
list published by him and Dr. J. Stock (Hamburg 
Observatory Publication, 1959). UBV observations 
for these stars were added by Stock and Dr. K. 
Bahner at the McDonald Observatory. Although the 
large majority of the stars proved to be Population I 
objects, a number which showed definite Population 
II characteristics were found, including, hot sub- 
dwarfs, F- and G-type subdwarfs, horizontal-branch 
stars, and a A Boo-type star. Among the Population I 
stars, the metallic-line stars represent a larger per- 
centage of early-type stars at high galactic latitudes 
than in the neighborhood of the sun. Considéring only 
normal Population I stars, axial rotation appears to 
bé less at high galactic latitudes than for stars of 
similar spectral type near the sun. 

Equivalent Widths of Lines in the Visual Red 
Region of Late-Type Stars. Fliegel measured 459 
equivalent widths of lines in 13 K- and M-type stars 
for which coudé spectrograms had been taken at 
Mount Wilson. The measurements confirmed visual 
estimates that the lines in the red region of the 
spectrum are sensitive to temperature, but that only 
a few can serve as luminosity criteria. 

Stellar Infrared Magmtudes. A study of the far- 
infrared magnitudes of the sun and stars was started 
by Barnhart and Mitchell under a subcontract with 
the Eastman Kodak Company. A new photometer 
developed by Eastman Kodak for the measurement 
of infrared stellar magnitudes will be used with the 
69-inch telescope in the summer of 1960. 
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Spectra of Binary Stars. Spectroscopic observ 
tions of both components of about 150 visual binari¢ 
were completed by Slettebak during the year. Spe 
tral classification and rotational velocity estimat 
are underway. 4 

Mssrs. L. A. Maestre and J. Wright complet 
their analysis of the y And system (Astrophys, 
131, 119, 1960). Mr. Philip Stanger (in collaboratt 
with Hynek) completed a study of 5 Lac (Pub 
Astron. Soc. Pacific 71, 310, 1959). 

Image Tubes, Dr. Kent Ford, of the Departmer 
of Terrestrial Magnetism, Carnegie Institution, vis 
ited the Observatory for two periods during the yea 
for the purpose of testing his electrostatically- -focuse 
cascade image tube attached to the prism spectro 
graph on the 69-inch telescope. His tests showed tha 
a gain in speed of 25-50 over photographic spect 
copy is possible with his equipment. 

History of Astronomy. Bobrovnikoff was engages 
in writing a history of astronomy during the yeat 
The history is about one-third finished and will b 
offered for publication in about two years. 


INSTRUCTION 


The total number of students registered for astron 
omy courses at the Ohio State University continue 
to rise, reaching 365 during the past academic year 
Most of the increase occurred in the elementary 
courses, which are under the supervision of Bobrov 
nikoff. 

The courses in Descriptive Astronomy at Ohi 
Wesleyan University were taught by Stanger witl 
a total enrollment of 75 students. 


ARNE SLETTEBAK, Directo 
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Personnel. The staff consists of Professors R. C 
Higgy, H. C. Ko, J. D. Kraus and C. E. Nielsen anc 
Mr. R. T. Nash. Graduate students during the yea 
were W. R. Crone, A. G. Herriman, H. Jaggers 
E. Roland, and D. J. Scheer. Crone and Rolane 
received Master’ s degrees. 

Facilities. There are two principal sites, the Ohic 
State-Ohio Wesleyan Radio Observatory south o 
Delaware, Ohio (near the Perkins Observatory) 
where a 360-foot radio telescope is under construc: 
tion, and the Radio Observatory on the West Campus 
of the Ohio State University, Columbus, where < 
number of smaller radio telescopes are in operation 
A number of basic research programs in radio astron: 
omy and space electronics are in progress. 

Ohio State-Ohio Wesleyan Radio Observatory 
The 360-foot parabola and 260 feet of the tiltable flat 
reflector have been completed and work is in progress 
on the three-acre conducting ground plane which con- 
nects the parabola with the tiltable flat reflector. It is 


aticipated that this phase of the construction will be 
jnished early in 1961. The ground plane will be of 
yerete covered with a conducting coating. Tests of 
te hoisting and locking mechanism on the flat re- 
ector have been successfully carried out. These indi- 
ate that the upper edge of the flat reflector can be 
asily adjusted to a precision of a few millimeters. 
‘ince the parabola is fixed and the prime-focus feed 
ystem rests on the concrete ground plane it should 
e possible to measure radio-source positions with 
‘ood accuracy and repeatibility. It is expected that 
he telescope will operate at frequencies from 40 to 
(000 Mc. At 2000 Mc the beam will probably be 
bout 10 by 30 minutes wide at half-power. As soon 
s the ground plane is completed a program of sky 
fackground and localized source mapping is planned 
or a wide range of frequencies with emphasis on 
ibtaining as accurate and detailed spectra as possible. 
\ recent article describing the antenna appeared in 
Vature (Aug. 29, 1959) and another is in press 
(Proc. IRE). 

_ Mr. Robert T. Nash, instructor, has been in charge 
of the mechanical design and construction work and 
3ertan Morrow, student, has assisted him on a num- 
ser of the design problems. Funds totaling about 
$330 000 to date have been provided by the National 
Science Foundation for the telescope. 

| West Campus Observatory. At this location, on the 
west campus of the Ohio State University, there are 
three principal radio telescopes: (1) an array of eight 
helical antennas each 30 ft long by 12 ft in diameter 
mounted on a tiltable flat ground plane 160 ft long by 
22 ft wide with helices alternately wound left and 
right handed, (2) a 40-ft diameter steerable parabolic 
dish antenna and (3) a 40 by 34 ft rotating corner 
reflector. There are also some smaller antennas in- 
cluding a number of 10 and 15 ft steerable parabolic 
dishes and several dipole and interferometer antennas 
for artificial satellite tracking observations. 

Research programs at this site include: 

(1) Radio star scintillation at 945 Mc by Dr. H. C. 
Ko using the 40-foot dish antenna. One paper has 
appeared and:a more complete one is now in press 
(Proc. IRE). 

(2) Radio mapping of the sky at 945 Mc by Dr. 
Ko and Henry Jaggers using the 40-foot dish an- 
tenna. 

(3) Measurements of the lunar temperature at 
945 Mc as a function of lunar phase by Dr. Ko and 
Miles Johnson using the 40-foot dish antenna. Ob- 
servations during the total eclipse of the moon on 
March 13, 1960, showed no significant temperature 
change. 

_ (4) Radio noise from Jupiter in the vicinity of 20 
Mc with the eight helix array by Dr. Ko and Eugene 
Rork. The antenna is operated as a switching-type 
polarimeter responding to and distinguishing between 
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circularly polarized radiation of left- and right- 
handed varieties. During the 1960 apparition of 
Jupiter a number of events have been recorded most 
being of the right-handed (radio-sense) variety. 
Work on this and the other programs is supported 
by a contract with the Air Force Cambridge Re- 
search Center. 

(5) Development and tests of parametric amplifier 
at 950 Mc by Dr. Ko and Ernesto Roland. 

(6) Detection and tracking of artificial earth satel- 
lites by CW reflection for studying the satellite ion- 
ization phenomenon using the rotating corner re- 
flector, eight helix array, and other satellite antennas 
by Professor R. C. Higgy, Professor C. E. Nielsen, 
Professor J. D. Kraus, and students W. R. Crone, 
D. J. Scheer and A. G. Herriman and S. R. O’Don- 
nell. These studies are supplemented by radar obser- 
vations and by determinations of the outer Van Allen 
belt position and intensity noted by monitoring the 
telemetering signals of the Geiger counters aboard 
Explorer VII. Several papers have been published 
and two more are pending publication (Proc. IRE). 
This work is supported by a contract with the Army 
Rocket and Guided Missile Agency. 


Joun D. Kraus, Director 


Princeton University Observatory, Princeton, New 

Jersey 

Personnel. K. Dressler joined the Flying Telescope 
Program as a Research Associate at the Observatory. 
J. B. Rogerson received an appointment as Senior 
Research Associate. Visiting Fellows during the year 
included P, Ledoux, for a month during the spring 
term, and E. Spiegel, who held a William Charles 
Peyton Advanced Fellowship during the year. 


RESEARCH PROGRAM 


Stellar Interiors. Schwarzschild and Harm have 
continued their investigation of the evolution of red 
giants. The extensive sequence of stellar models 
derived for this investigation was obtained with the 
help of an IBM 650. As previously suspected, the 
onset of the helium burning was found to cause 
thermal run-away. A maximum central temperature 
of over 300 million degrees was found. In the corre- 
sponding phase the evolution is so fast that time 
steps of less than ten seconds had to be used. These 
small time steps necessitated the abandonment of the 
usual method for deriving stellar models; in its place 
the “explicit” method, frequently employed in heat 
conduction problems, was used. With the help of this 
method it was found that after nondegeneracy is 
reached in the stellar center, the core of the star 
expands and cools fast and soon reaches again slower 
evolutionary phases. 
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Stothers and Schwarzschild have derived the pul- 
sation period of a stellar model representing the tip of 
the red-giant branch of globular clusters and found 
the theoretical value in satisfactory agreement with 
the observed period of the long-period variables in 
these clusters, 

Solar Atmosphere. Danielson has analyzed the 
sunspot photographs taken on the balloon flights last 
summer (see the following). These photographs show 
the penumbra to be resolved into predominantly 
radial bright filaments with widths of 300 km or less 
and with lifetimes definitely longer than that of the 
granulation. Danielson has tentatively identified the 
majority of the penumbra filaments as convective 
rolls with the axis of the roll parallel to a horizontal 
magnetic field extending radially outwards from the 
sunspot. In addition he has found a few filaments in 
and near sunspots which must be condensations above 
the photosphere. Under the supervision of Danielson, 
Films Optical Inc., New York, has produced a time- 
lapse movie of a large sunspot covering a time inter- 
val of 12 minutes. This movie clearly shows the dif- 
ference in characteristic time scale between the 
penumbra and the surrounding granulation. 

Bahng has measured the autocorrelation in time 
of the granulation intensity, using a few of the best 
time-sequence photographs obtained on the recent 
balloon flights. He has made these measurements 
both far away from sunspots and near sunspots. He 
has found a simple exponential falloff of the correla- 
tion, giving an average lifetime for the granules of 
8.6 minutes, which is approximately twice the clas- 
sical estimate. 

Rogerson and Gaustad have started to determine 
the solar limb profile as well as the intensity‘ contrast 
in faculae near the limb by detailed photometric 
measurements on selected PHORDE apis from the last 
balloon flight. 

Ledoux, Schwarzschild, and Spiegel have devel- 
oped a procedure for deriving approximately the 
turbulence spectrum in a convective zone. In this 
procedure they used the linear theory to obtain the 
energy input while at the same time estimating the 
energy exchange between various scales with the 
help of Heisenberg’s elementary theory. A very pre- 
liminary application of this procedure to the solar 
convection zone has given encouraging results. More 
detailed computations for specific convection cases 
have been started. In this connection, Spiegel, as- 
sisted by Polak, has derived the convective modes of 
a deep polytropic atmosphere with radiative heat 
conduction. 

Gaustad has derived a correction to values of the 
root-mean-square intensity fluctuation in the solar 
granulation, recently published by Blackwell, Dew- 
hirst and Dolfuss. With these corrections, their values 
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are in better agreement with those derived earliel} 
from the 1957 Stratoscope I flights. oy 
Stellar Systems. Michie has investigated the st Cc) 
ture ‘and evolution of spherical clusters, using ¢ 4 
three-parameter velocity distribution function invo | 
ing energy and angular momentum and with a cutoff 
at the energy of escape. The corresponding densit 
distribution for a specific parameter set agrees very 
well with the observations of 47 Tuc by Gascoig fi 
and Burr, Using three particular moments of — th 
Boltzmann equation, including a simplified form ¢ 
the Fokker-Planck collision terms, the evolution 0 
a spherical cluster is computed numerically for or ne} 
time step. The results show a flow of stars both to} 
wards the central core and the outermost regions] 
the velocity distribution in the central region becomes 
more isotropic. ha 
Radio Astronomy. Field has analyzed data which} 
he obtained with the 85-foot radio telescope at 
National Radio Astronomy Observatory, repeating 
an earlier attempt to find intergalactic neutral hydr o 
gen, The results are about four times more accurate 
than previously, but still no effect was found. The 
new upper limit on the optical depth in the 21-cm li 
out to the radio source Cygnus A is about 0.00 
which implies that if the material is less than 50 
ionized, its, total density cannot exceed 9.8 
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giems: 

Previous arguments concerning the nature of rs 
decimeter radiation from Jupiter were extended by a 
model of cyclotron radiation from magnetical ; 
trapped electrons. This model, calculated by Fie 
shows that the emitted spectrum should be propo 
tional to A#, and the polarization should be lined 
varying with frequency in a definite way. These ie 
oretical predictions seem to be confirmed by the ob-} 
servations, making it likely that Jupiter possesses | al 
magnetic field of 1000 gauss or more. 

Field has shown that the observations of the galax 
at a wavelength of 3.5 m can indeed be explained i nl 
terms of a simple spiral structure (as proposed by 
Mills), provided that the electron velocities ar 
isotropic and the magnetic lines of force do not de- 
viate more than a few degrees from being paralle 
to the spiral arms, 

Planetary Physics, Field and Gaustad have inve: 
tigated the possible effects of captured meteoric dul 
on the light reflected by Jupiter. They showed that i 
even talking into account Jupiter’s gravitational an 
magnetic" fields, the amount of dust captured by 
Jupiter is insufficient to account for the anomalo 
polarization effects observed at the Jovian poles, 
making it appear likely that some other atmospheric 1¢ 
effect is responsible. f 

Zabriskie has investigated theoretically the i iol 
osphere of Jupiter, taking into account the photoion=| 
ization of hydrogen atoms and molecules, and for a~ 


on of various molecular ions, as well as the diffusion 
4; atomic hydrogen. From his work it appears un- 
kely that the electron density anywhere exceeds a 
}w times 10° per cm*, He has also reduced the data 
otained by Kiess on the infrared absorption lines of 
'', in the atmosphere of Jupiter, with the resulting 
‘est estimates: 5.5-km atmosphere of H, above the 
‘oud level, and a rotational temperature of 170° at 
‘ie cloud level. The abundance of hydrogen relative 
) carbon is apparently less than previously estimated. 
Interstellar Matter. Kennel has investigated the 
‘eat balance of the intercloud medium following the 
J ork of Spitzer, and using the latest information on 
)smic-ray intensity and on collision cross sections. 
| appears that cosmic-ray heating is some ten times 
te value estimated by Spitzer and hence may be 
\uite important in low-density regions. 

Field has studied the problem of thermal stability 
the interstellar medium. According to his calcula- 
jons, the low-density intercloud medium may be un- 
able toward the formation of cool clouds, partic- 
‘larly if cosmic rays are the dominant heating mech- 
“nism, as suggested above. 

To measure precisely the profile and strength of 
ie diffuse interstellar absorption line at 14430 A a 
‘ulse-counting photometer is being put into operation 
‘n the Princeton 23-inch refractor by Dressler and 
‘pitzer. This equipment is similar to that successfully 
eveloped by Rogerson, Spitzer, and Bahng for high- 
ispersion work at the Mt. Wilson Observatory. 
iutial difficulties in achieving adequate seeing com- 
‘€nsation have been much reduced by the use of an 
‘uxiliary lens to flatten the focal curve of the visually 
orrected refractor in the blue region of the spectrum. 
| Flying Telescope Program. From July to Septem- 
er 1959 four flights of the 12-inch solar balloon 
tlescope (Stratoscope I) were carried out from an 
irport near Minneapolis, Minnesota. The balloon 
jights were handled by General Mills Inc., while the 
tlescope and the ground station were assembled, 
‘djusted and operated by Bahng, Danielson, Roger- 
ym, and Schwarzschild. Before each flight the tele- 
ision channel was checked and adjusted by engineers 
fom R.C.A. and on a couple of occasions the point- 
lg mechanism was retuned by engineers of the 
'erkin-Elmer Corporation. On each flight during the 
vo and a quarter hours while the instrument was in 
ill operation in the stratosphere, the telescope was 
perated from the ground station with the help of the 
‘levision link and the command channel. The addi- 
on of the ground station with its radio links to the 
istrument increased about fivefold the number of 
hotographs at the proper focal position. In addition, 
e reduction of instrumental vibration produced a 
irther increase in the number of high-definition 
hotographs obtained in these flights over those ob- 
tined from the 1957 flights. The number of sharp 
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photographs obtained both of the granulation and of 
sunspots appears to be comfortably sufficient for the 
investigations for which the flights were intended. 

The Perkin-Elmer Corporation has completed ap- 
proximately 70% of the detailed design of the new 
36-inch balloon telescope (Stratoscope II) and has 
begun the actual construction of the instrument. 
Corning Glass Works has succeeded in producing 
two fused-quartz disks of the necessary size and 
quality. One of these has already been ground and 
polished to the necessary accuracy. A contract has 
been given again to R.C.A. Laboratories at Princeton 
for the construction of the television equipment nec- 
essary for acquisition ; this system, which will operate 
on stars instead of the sun, must have a much higher 
sensitivity and speed than that of the 12-inch solar 
telescope. 

The Perkin-Elmer Corporation in cooperation with 
L. Spitzer, J. Rogerson, and K. Dressler has com- 
pleted a preliminary design study for the 24-inch 
high-dispersion spectroscopic telescope to be placed 
in a satellite orbit. This study, while indicating the 
over-all feasibility of the project, brought to attention 
several problem areas requiring special investigation. 
As a result, programs are getting underway to de- 
velop the special techniques required in two areas: 
production of the necessary electronic equipment with 
very high reliability, and grinding and polishing pre- 
cise optical surfaces on thin mirror blanks, An ultra- 
violet spectrograph with associated vacuum equip- 
ment will be procured for the special testing of the 
optical components of the satellite equipment. NASA 
has made tentative plans to fly this Princeton equip- 
ment in 1965, as one of the launchings envisaged for 
the Orbiting Astronomical Observatories program, 

Work is also beginning on the instrumentation of 
a rocket experiment designed to scan photoelectri- 
cally with a resolution of one angstrom the ultra- 
violet spectrum of one of the brighter stars. 

The balloon project is as before sponsored jointly 
by the Office of Naval Research and the National 
Science Foundation, with NASA now sponsoring 
the television development. The satellite and rocket 
programs are supported by the Air Force and by 
NASA, respectively. 

Social Physics. Work in this program by Stewart 
and Warntz has continued, with special emphasis on 
conferences and survey papers to communicate re- 
sults achieved to date. 


LYMAN SPITzER, JR., Director 


Sagamore Hill Radio Observatory, Electronics Re- 
search Directorate, Air Force Cambridge Research 
Laboratories, Bedford, Massachusetts 


The Sagamore Hill Radio Observatory at Hamil- 
ton, Massachusetts, has been operated by physicists, 
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engineers, and technicians from the Air Force Cam- 
bridge Research Laboratories since 1959. 


INSTRUMENTATION 


The Observatory is equipped with a D. S. Kennedy 
84-foot equatorially mounted parabolic antenna. A 
second large antenna, 150 feet in diameter, will be 
erected during the summer of 1961. Smaller antennas 
include an eight-foot equatorially mounted dish, a log 
periodic 15-65 Mc interferometer, a fixed-position 
28-foot antenna, smaller Yagi antennas, etc. An 
auroral radar operating at 19 Mc is located at Plum 
Island, Massachusetts. 

Receivers include 100, 218, 400, 1300, and 3000 
Mc radiometers of both the total-power and switched 
type. Narrow-band receivers are available at various 
frequencies for moon reflection studies. A 30-Mc 
riometer is used to measure ionospheric absorption. 


SCIENTIFIC PROGRAM 


Atmospheric Studies Using Radio Astronomy 
Techniques. Atmospheric absorption, refraction, and 
scintillation have been made with both solar and 
stellar radiation as the source of rf energy. Measure- 
ments with the sun as the source have been made at 
frequencies of 218, 1300, 3000, 4700, 9300, and 
34400 Mc. Further studies made during the total 
solar eclipse of the sun on October 2, 1959, are de- 
scribed in a subsequent paragraph. 

Measurements with Cygnus A and Cassiopeia A 
as the source have been made at frequencies of 218 
and 1300 Mc. High-amplitude scintillations observed 
on the 218-Mc signals are of lonpephene. origin and 
are rarely seen on 1300 Mc. ‘ 


SOLAR ECLIPSE STUDIES 


Solar data, moon reflections, and atmospheric pa- 
rameters were measured during the solar--eclipse of 
October 2, 1959. The Sagamore Hill Radio Observa- 
tory was in the path of the total eclipse, which took 
place at an elevation of one degree. 

The solar-data program was under the direction of 
Jules Aarons and John P. Castelli. The uneclipsed 
solar energy as a function of time was measured on 
the 84-foot parabolic antenna on which both a 224- 
Me and a 1300-Mc radiometer were used and also 
on the eight-foot antenna, located at a distance 80 
feet away, on which a 3000-Mc radiometer was used. 
After corrections had been made for absorption, the 
residual energy existing during totality was found to 
be 35% at 218 Mc, 20% at 1300 Mc, and 19% at 
3000 Me. Scintillations of the signals were recorded 
for the frequencies (1300 and 3000 Mc) for which 
point sources of energy existed on the sun. Very large 
amplitude scintillations with periods varying from 25 
to 140 sec were evident during the early part of the 
eclipse at elevation angles below 4 deg. One of the 
primary results of these eclipse measurements was 
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even though the ieqnences had a ratio if 23 
antenna apertures were very different (84 ft and | 
ft) and the antennas were separated by 80 ft. TH] 
scintillations were believed to be due to atmospher} 
“blobs” in the lower atmosphere. | 
In cooperation with Stanford University, furth 
analysis of the 3000-Mc eclipse measurements wa 
made by comparing them with a 3300-Mc two dimes 
sional solar-brightness-distribution map experime! 
tally obtained at Stanford University by means ( 
their interferometric cross 14 hours before the eclips 
This work was done by Ronald M. Straka of Sagi 
more Hill and Govinda Swarup of Stanford Unive: 
sity. The curve obtained by artificially eclipsing th 
3300-Mc solar map agreed fairly well with the & 
perimentally obtained eclipse measurements modifie 
to compensate for absorption and refraction. Th 
slope of the modified eclipse curve as a function « 
time was found after the scintillation effects had bee 
smoothed out. Increases in the slope measuremei 
and uncovering of spot regions on the interferomett 
map during the eclipse were fairly well correlated. 


LUNAR TEMPERATURE MEASUREMENTS 


Studies are being made under the direction | 
Castelli to determine in what radio-frequency rani 
lunar temperatures are not constant. During the lun: 
eclipse of March 13, 1960, thermal emission from # 
moon was measured at frequencies of 1300 and 30 
Mc. Drift curves were taken with the 84-foot a 
tenna. Short time constants were used and an acc 
racy of +2% resulted. No change in temperatu 
during the eclipse was noted at either frequenc 
Subsequent data gathered at 3000 Mc during a hi 
lunation (between the first and third quarter) show 
no temperature variation at that frequency during t 
period studied. 


MOON REFLECTION MEASUREMENTS 


A moon-reflection program, directed by Herbe 
Whitney, has been undertaken to study both lun 
characteristics and the effect on the signal of t 
intervening transmitting medium. Measurements ha 
been made over a broad frequency range betwe 
100 and 915 Mc. Sagamore Hill engaged in t 
first transatlantic moon-reflection communication | 
cooperation with Jodrell Bank, England. Operati 
the 84-foot antenna as the receiving site, a series 
short experiments were made during 1959 usi 
transmission from the Jodrell Bank 250-foot anten 
in England. Information was obtained on transm 
sion loss and libration fading. 

Moon reflection measurements were also made dt 
ing the eclipse of October 2, 1959. 


Jutes Aarons, Direct 


broul Observatory, Swarthmore College, Swarth- 
‘more, Pennsylvania 


'We record with deep regret the passing of Dr. 
ustav Land, research associate at Sproul Observa- 
ty from November 1939 until August 1941. During 
's brief stay in Swarthmore, he made a lasting con- 
ibution to the work of Sproul Observatory. 

‘Mr. van de Kamp gave the year course in Descrip- 
ve Astronomy, as well as seminars in photographic 
itrometry, double stars, and galactic and extraga- 

etic structure. The latter seminar benefited from a 
amber of visiting lecturers: Harlow Shapley, Char- 
tte Moore Sitterly, Rupert Wildt, Su Shu Huang, 
Vilhelm Becker, Laurence W. Frederick, and John 
Hall. 

Mr. van de Kamp attended meetings of AURA, 
ae., in October and March and attended the dedica- 
on of the Kitt Peak National Observatory on 

[arch 15. 

Mr. Wyller left the observatory in September to 
vin the staff of the Thermal Radiation Laboratory, 
ambridge, Massachusetts, as atmospheric physicist. 

Mrs. Dorothy Allen and Mrs. Mary Jackson as- 
sted with the measuring and reduction of photo- 
raphic plates and other activities. 

Mr. Frank Holden, M.Sc. University of Man- 
nester 1959, joined the staff as instructor and re- 
earch associate beginning September 1. 

Miss Jacqueline Schroedter, B.S. University of 
rizona, 1959, joined the staff as research assistant 
eginning September 1. 

Philip Ianna, Jerrold Josties and H. John Wood 
ssisted with the night work. 

Minor adjustments and improvements were made 
n the photographic tail piece of the 24-inch telescope 
| September 1959. 

Photographic observations with the 24-inch re- 
actor were made on 172 nights; a total of 2486 
lates was taken. Evening observations were made 
1 158 nights; morning observations on 103 occa- 
ons, 89 nights included both evening and morning 
servations, 

PETER VAN DE Kamp, Director 


nited States Coast and Geodetic Survey, Wash- 
ington, D. C. 


Variation of Latitude. The latitude observatories at 
kiah, California and Gaithersburg, Maryland were 
mtinued in operation throughout the period. These 
servatories, located on parallel 39° 08’, participate 
the International Latitude Service Program for the 
udy of polar motion. Leonard F. Caouette was the 
server at Ukiah; Alfred W. Helm was the observer 
Gaithersburg, assisted by John D. Mulchi. At 
kiah, 4001 star pairs were observed on 242 nights, 
mplete sets of pairs being observed on 194 nights. 
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At Gaithersburg, 3122 star pairs were observed on 
254 nights, with complete sets on 87 nights. 

Longitude and Latitude. In conjunction with the 
Longitude and Latitude program of the IGY, the 
special observatory at Honolulu, Hawaii was con- 
tinued in operation under the direction of Lt. How- 
ard A. Garcia until mid-December, 1959, at which 
time observations were concluded and the observa- 
tory dismantled. A continuous program was main- 
tained for observation with the Markowitz dual-rate 
moon-camera and the Danjon astrolable with imper- 
sonal micrometer. Time control was obtained from a 
quartz clock monitored by signals from WWVH, 
Maui, Hawaii. The astrolabe observations were re- 
corded on a digital printing chronograph. During the 
final six-month period 105 sets of moon-camera plates 
and 239 sets of astrolabe tapes were observed. Moon- 
camera plates have been forwarded to the U. S. 
Naval Observatory for scaling and processing. The 
astrolabe data are being prepared by the Coast and 
Geodetic Survey for final reduction at the U. S. 
Naval Observatory. 

Geodetic Astronomy. Astronomic positions, con- 
sisting of 5 first-order and 41 second-order determi- 
nations, were observed at stations on the 35th parallel 
in the western United States. This completed a trans- 
continental series of 186 stations spaced at an average 
interval of 14 miles for determination of a geoidal 
section by astrogeodetic leveling. A total of 38 astro- 
nomic positions and 36 azimuths were observed in 
connection with control of triangulation, studies of 
crustal movement, and various special geodetic re- 
quirements. 

CHARLES PIERCE, 
Rear Admiral, C&GS, Deputy Director 


United States Naval Observatory, Washington, 
Dr: 


Captain Byron L. Gurnette, U. S. Navy, and Com- 
mander William M. Robinson, U. S. Navy, continued 
as Superintendent and Deputy Superintendent, re- 
spectively, during the year. 

A. N. Adams was promoted to Director of the 
Six-Inch Transit Circle Division on October 1, 1959. 
Appointments to the staff were: Mrs. Georgianna W. 
Council, Benny L. Klock, Gerald Pease, and Clayton 
A. Smith as astronomers, and Miss Vivian M. Hol- 
land as card-punch operator. Mrs. Doris B. Stanley, 
mathematician, returned to duty on September 14, 
1959, after an extended period of absence. J. A. 
Hughes, F. J. Josties, B. G. Marsden, D. A. O’Hand- 
ley, E. B. Parker III, R. K. Riddle, J. K. Wooley, 
and W. M. Young received temporary appointments 
for the summer of 1960. Resignations from the staff 
were J. K. Gleim on July 10, 1959, Miss Josephine P. 
Brown on July 31, 1959. 
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C. B. Watts retired on September 30, 1959 after 
48 years of active duty at the Observatory, the last 
26 years of which were spent as Director of the Six- 
Inch Transit Circle Division. During the latter pe- 
riod, in addition to the usual duties of a Director of a 
Division, he was personally responsible for many im- 
provements and modifications of the six-inch transit 
circle, the design and construction of the new seven- 
inch transit circle, and the photographic survey of the 
marginal zone of the moon. He is continuing, as a 
Research Associate of the Yale University, to serve 
as general supervisor and consultant on the final 
stages of the survey. 

Among the scientists from abroad that visited the 
Observatory were: S. Boehme, J. Bonanomi, P. C. 
Chaudhuri, R. Corke, A. H. Delsemme, M. Duchesne, 
L. Essen, ‘G. \Glaser, ‘GC: (S) (Gum, Y Blaeihtacie: 
Hasegava, H. Hirose, A. Hunter, P. Kartaschoff, 
I. Koga, A. Lallemand, J. Meffroy, P. J. Message, 
L. Randic, A. Rodgers, J. Sahade, C. Schalén, K. 
Serkowski, H. M. Smith, P. Swings, and Y. Tsuzuki. 

Tours were held for 8847 public visitors to the 
Observatory during the year. 

Wm. Markowitz attended the Congress on Chro- 
nometry, Munich, June 18-24, 1959; Symposium on 
Earth Tides, Trieste, July 6-11, 1959; and the Sym- 
posium on Geodesy in Three Dimensions, Venice, 
July 16-19, 1959. G. M. Clemence and F. P. Scott 
attended the first Inter-American Conference on As- 
tronomy, La Plata and Cordoba, October 30 to No- 
vember 3, 1959. R. L. Duncombe attended the 
COSPAR Conference, Nice; January 1960, and con- 
ferred with astronomers at the Paris Observatory, 
and at the Office of the Connaissance des ‘Temps at 
the Bureau des Longitudes. G. M. Clemence and 
R. L. Duncombe lectured at the Summer Institute in 
Dynamical Astronomy, Yale University Observa- 
tory, July 1959. K. Aa. Strand lectured at-the Stern- 
berg Astronomical Institute, Moscow, and at the 
Pulkovo Observatory during. November 1959 at the 
invitation of the Academy of Sciences, U.S.S.R. He 
also lectured at the University of Copenhagen and the 
Hamburg Observatory. 

During the year observations were made of 3049 
stars on 207 nights with PZT No. 3 at Washington, 
and 4598 stars on 287 nights with PZT No. 2 at 
Richmond, Florida. 

Time signals emitted by quartz crystal clocks at 
Naval Radio Stations at Annapolis, San Francisco, 
Canal Zone, and Guam were monitored, and correc- 
tions were published in Time Service Bulletins 158- 
173, Time information was furnished the National 
Bureau of Standards for control of its stations WWV 
and WWVH. UT, (Universal Time corrected for 
variation of longitude and seasonal variation) was 
determined with the PZT’s. Ephemeris Time, ET, 
was determined with the dual-rate moon camera. 


t 


Broadcasts of precise time and constant frequene 
on 18 kc/sec (VLF) commenced at NBA, Balbo: 
Canal Zone, on December 1, 1959. 

A program for the eoordingtine of transmissiot 
of frequency and time of stations NBA, WWYV, an 
WWVH in the United States and GBR and MS 
in the United Kingdom was started on January 
1960. i 

Atomic resonators, cesium, were placed in oper: 
tion on June 29, 1960 at Washington and on June 3 
1960 at Richmond, Florida. 

One hundred ninety-seven sets of plates, us 
four per set, were obtained with the moon positi¢ 
camera on 114 nights. Observations were receive 
from Mt. Stromlo, Hawaii, Ottawa, San Diego, Se 
Paulo, Cape, Tokyo, Greenwich, Perth, Paris, S: 
Fernando, Helsinki, and Uppsala Observatorie 
Eleven hundred and twenty-six of these observatiol 
have been reduced for the position of the moon af 
the determination of Ephemeris Time. 

Observations were made on 125 nights with tl 
Danjon astrolabe. Reductions were completed for dl 
astrolabe observations made on 532 nights at Hawa 
San Diego, and Washington. The results were se 
to the Paris Observatory. 

The American Ephemeris and Nautical Almam 
for 1961 was issued January 6, 1960. The Nautic 
Almanac for 1961 was issued ‘March 9, 1960. TI 
three parts of The Air Almanac for 1960 were issu 
on July 10, and November 20, 1959, and March 1 
1960. Astronomical Phenomena for 1962 was issu 
March 7, 1960. Eclipse Maps for the Total Sol 
Eclipse of February 4-5, 1962, and the Annual Sol 
Eclipse of July 31, 1962 were published in U.— 
Nawal Observatory Circular No. 88. U. S. Nat 
Observatory Circular No. 89, Solar Eclipses, 196 
1970 was issued on June 15, 1960. 

The Ephemeris 1960 was prepared for the Bard 
of Land Management, Department of the Interic 
Computation of Sight Reduction Tables for 4 
Navigation, H.O. 249 (Epoch 1965.0) was cot 
pleted and reproducible copy prepared. 

The program of keypunching and verifying § 
lected AGK2, Yale, and Cape photographic star c 
alogues covering the northern and southern ski 
undertaken in cooperation with the Yale Univers 
Observatory, was completed. 

Several special calculations for research on ort 
of artificial earth satellites and space technology we 
completed. 

A comparison of Clemence’s new theory of t 
motion of Mars with observations commenced. 

The calculation of the Laplace coefficients and th 
derivatives was continued as time on the electror 
computer permitted. 

Tables of time of sunrise and sunset for 327 1 
calities in the United States have been completed. 


OBSERVATORY, REPORTS 


‘The Nautical Almanac Office has met increasing 
mands for astronomical data and ephemerides aris- 
g from the space age requirements of other govern- 
ent agencies and industry. 

The AGK3R program, an international coopera- 
ye effort for determining the positions of 21 505 
ference stars for the reduction of the AGK3 plates, 
‘tinued to progress satisfactorily during the year. 
he meridian circle work is now about 80% com- 
eted. During the year the Lund Observatory, find- 
g that it would have difficulty in meeting its 
mmitment on schedule, released its star list for 
‘assignment to other observatories in the program. 
f these stars, 3516 were allocated to the transit 
tele at the Royal Greenwich Observatory and 4142 
) the six-inch transit circle at the Naval Observa- 
ity. In connection with this program over 93 000 
dservations of reference stars and fundamental stars 
ere reported to the Naval Observatory during the 
sar for the purpose of obtaining the required reduc- 
on from apparent place to mean place. Approx- 
aately 313000 such reductions have been made 
nce the program commenced in 1956. 

In addition to commencing the observations of the 
ars mentioned in the foregoing, the six-inch transit 
tele during the year essentially completed two ob- 
tvations each of 7544 AGK3R stars of its earlier 
mmitment. Fundamental observations of the sun, 
oon, planets, the four brightest asteroids, and the 
K3 and FK3 Supplemental stars north of —31° 
eclination were also continued. In all, 14 389 obser- 
ations were made with this instrument during the 
ear. 

The observations of 11326 AGK3R stars, 246 
ars from Parenago’s list, 17 Orion stars and the 
yur brightest asteroids were continued with the 
sven-inch transit circle during the year. The obser- 
ations of close double stars of van Herk’s list were 
arted during the latter part of the year. These stars 
re being used to fill in the observing list where the 
GK3R stars are completed. In all 11 263 observa- 
ons were made with this instrument during the year. 

J. E. Jackson continued his discussion of the ob- 
srvations of the minor planets, Ceres, Pallas, Juno 
nd Vesta. This work is well over half completed. 
The project for digitizing the micrometers of the 
ansit circles continued to advance under the super- 
ision of A. N. Adams. A delay was occasioned by 
lag between the micrometer screw and the digitized 
orage, which varied with the speed of the microm- 
fer screw. 

The results of the survey of the marginal zone of 
1¢ moon are being sent to press as the work is com- 
leted, and should appear in the latter part of 1961; 
ie Air Force Charting and Information Center is 
ssisting in the preparation of the charts. 
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The program of photographic observations of 
double stars was continued with the 26-inch refractor. 
A total of 130 plates, each with approximately 60 
images, was obtained during the year. An additional 
266 plates were obtained by O. G. Franz with the 
24-inch refractor at the Lowell Observatory from 
September 26 to October 23, 1959, and from April 4 
to May 10, 1960. A total of 76 plates were measured 
with the Mann measuring machine equipped with a 
digitizer. 

Miss E. Roemer continued the observations of 
comets for position, magnitude, and physical char- 
acteristics, with emphasis on objects too faint to be 
observed elsewhere. Periodic Comet Arend, 1951 X 
=1959 c, was recovered on July 6, 1959, and periodic 
Comet Reinmuth 2, 1954 VI=1960 c, on May 22, 
1960. Both comets were of the 19th magnitude at the 
time of recovery. 

J. L. Gossner continued the asteroid program with 
the 15-inch astrograph and obtained 67 plates. 

O. G. Franz continued the proper-motion work on 
galactic clusters from plates taken with the 40-inch 
refractor at the Yerkes Observatory with an interval 
of nearly 50 years. The clusters are NGC 129, 457, 
7788, 7790 and h Persei. 

A. A. Hoag continued photometric work on galac- 
tic clusters in collaboration with astronomers at the 
Lowell Observatory and at the University of Texas. 
Photographic observations in three colors have been 
completed with the 40-inch reflector for 72 fields. 
Eichner iris photometer measures and preliminary 
reductions for this material were made at the Lowell 
Observatory under Hoag’s direction, while the final 
reductions were made by S. Sharpless using the IBM 
650 computer. The 40-inch reflector was also used 
for observing photoelectric standards in ten galactic 
cluster fields north of declination +60° and in five 
other cluster fields. 

Infrared photography of the Orion Nebula cluster 
was continued by A. A. Hoag in a search for varia- 
bles. A series of search plates for suspected planetary 
nebulae were taken at the request of Dr. K. Henize. 

A. A. Hoag made experiments on reciprocity fail- 
ure using photographic emulsions at low tempera- 
tures. It appears that normal correction of reciprocity 
failure will be useful for photometry of faint objects 
on fine-grain plates. The same technique was also. 
found useful for color photography of faint objects. 

Collaboration with the Carnegie Image Tube Com- 
mittee was continued. The 40-inch reflector was used 
for this purpose by J. S. Hall, L. Frederick, M. A. 
Tuve, W. K. Ford, Jr., A. Lallemand, and M. 
Duchesne. 

S. Sharpless is continuing a program of three-color 
photoelectric observations as well as photoelectric H- 
gamma measurements of 500 stars associated with 
Hit regions. This material will provide the basis for 
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a discussion of the space distribution of ionized hy- 
drogen and its bearing on the spiral organization of 
our galaxy and will make possible a more detailed 
comparison of radio and optical models of our galaxy. 
He is also extending his earlier work on the Orion 
aggregate by obtaining spectra and U, B, V observa- 
tions to a fainter limiting magnitude. 

The scintillation program was continued on a 
limited basis by A. H. Mikesell. One nighttime flight 
above the tropopause was made with the revised, 
compact equipment. A contract was let for the manu- 
facture of a completely transistorized portable scintil- 
lation observing device. Several preliminary models 
of the new equipment were tested on 12 nights. 

The photoelectric Polaris Monitor was used at the 
Flagstaff Station on 360 nights observing a total of 


3030 darkness hours. Of this time, the transparency’ 


was greater than 90% during 1616 hours and 1067 
of these hours were judged suitable for photometry. 
Photographs of the sun were obtained on 291 days 
and sunspot areas and coordinates were published in 
mimeographed form in the “Daily Preliminary Meas- 
ures,” which are distributed by the Observatory. 
The modernization of the 26-inch refractor was 
nearly completed during the year. Slewing motions 
of the telescope are provided by variable speed dc- 
motors through dry-powder magnetic clutches. All 
motions of telescope, dome, and floor are operated by 
either hand block push-buttons or console controls. 
A synchro (selsyn) system powers direct reading 
right ascension and declination dials at the console. 
Remotely operated iris diaphragm and grating table 
have been installed in front of the objective. 
Considerable progress was made during the year 
on the proposed astrometric reflector project. In 
September 1959, the Public Works Office of the 11th 
Naval District at San Diego, California awarded a 
‘contract to the engineering firm of C. W. Jones, Los 
Angeles, for the preparation of a preliminary engi- 
neering report for a 60-inch-astrometric reflector at 
the U. S. Naval Observatory Flagstaff Station, near 
Flagstaff, Arizona. A contract for providing plans 
and specifications for the proposed telescope was 
awarded to the same engineering firm in March 1960. 
The telescope will have a free aperture of 60 inches 
with a focal length of 50 feet. In order to obtain 
utmost rigidity a system will be used with a flat 
secondary of 35 inches in diameter reflecting the 
beam through a hole in the center of the primary. 
Both mirrors will be of quartz and will be specially 
‘mounted to insure astrometric precision. Funds for 
the construction of the telescope, observatory build- 
ing, and office wing were appropriated by the 86th 
‘Congress early in July, 1960. 
In addition to those already mentioned, the follow- 
ing publications by members of the staff appeared 
during the year: 
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G. M. Clemence: “‘The practical use of ephemet 
time,” Sky and Telescope, XIX, No. 3; “Inte 
planetary navigation,” Proc. IRE, 48, 497; “Ui 
fication of astronomical ephemerides,” with D.1 
Sadler, ICSU Review, 2, 1; “Motion of Jupit 
and mass of Saturn,” Astron. J. 65, 21, 1960., 

AAG Hoag : “Multiple exposure photographic B 
tometry,” Astron. J. 64, 410, 1959. i 

Charlotte-Krampe: ‘““Ephemeris for physical obse 
vations of Jupiter near conjunction,” Astron, 
65, 104, 1960. 

W. Markowitz: “Latitude and longitude, and t 
secular motion of the pole,” a chapter in “Met 
ods and Techniques in Geophysics,’ edited 
S. K. Runcorn (Interscience Publishers Lt 
London, 1960). 

A. H. Mikesell: “Star visibility in daylight at hi 
altitudes,” J. Opt. Soc. Am. 50, 85, 1959. y 

E. Roemer: “Comet notes,” Publs. Astron. S 
Pacific, 71, 245, 348, 474, 546, 1959, and 72, ¢ 
134, 1960; Harvard Announcement Card Ni 
1439, 1440, 1459, 1460, 1462, 1464, 1481, a 
1486; [AU Circ. Nos. 1682, 1683, 1685, 165 
1702, 1704, 1705, 1706, 1723, and 1728. 

F. P. Scott: “The new seven-inch reversible tran 
circle at'the U. S. Naval Observatory,” New 1 
struments and Methods in Meridian Astronon 
Actd. Sci. U.S.S.R., p. 72; ~The teeneuns 
speed computing machinery in making transit ¢ 
cle reductions at the U. S. Naval Observator 
ibid., p. 80. 

S. Sharpless: “A catologue of Hir regions,” 
phys. J. Suppl. No. 41, 257, 1959. 

K. Aa. Strand: “The astrometric orbit of Epsil 
Aurigae,” Astron. J. 64, 346, 1959. 

K, Aa. Strand and O. G. Franz, editors: “The S 
ond Astrometric Conference,” Astron. J. 65, 1 
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DG 


| Astronomical research is carried on in the Atm 
phere and Astrophysics Division, Dr. Herbert Fric 
man in charge. The program includes radio a 
rocket astronomy, and is conducted by three branch 


Rocket SPECTROSCOPY BRANCH 


PERSON NEL 
The Rocket Spectroscopy Branch is divided i1 
four sections; Solar Spectroscopy is in the charge 
Mr. J. D. Purcell and includes Mr. C. R. Detwil 
Mr. D. L. Garrett, Mr. R. McIntosh and, during 1 
summers, Mr. Donald Michels. 


OBSERVATORY REPORTS 


| 
A second section engaged in work on the Night 
rglow is directed by Dr. Donald M. Packer and 
cludes Mr. M. J. Koomen, Miss I. S. Gulledge, and 
r. H. W. Cooper. Dr. Donald C. Morton and Dr. 
enneth G. Widing, astrophysicists from Princeton 
d Berkeley, respectively, form a third section deal- 
¥ with theoretical astrophysics. Laboratory work is 
nducted in a fourth section by Mr. W. R. Hunter 
d Mr. Walter E. Austin, who will be joined later 
the year by Dr. Phillip G. Wilkinson from the 
niversity of Chicago. In addition there are five 
shnicians who assist with the work of the several 
ctions. 


EQUIPMENT 


Astronomical work is conducted principally from 
ckets. Approximately five Aerobee-Hi type rockets 
Tr year are instrumented by the branch. Supporting 
ork is carried on in the laboratory where two 1-m 
cuum monochromators are available; a grazing in- 
lence monochromator and a 21-foot vacuum spec- 
graph are being constructed. 


PROGRAMS 


Extreme Ultraviolet Solar Spectrum. The pro- 
am, initiated in 1946, to explore the extreme ultra- 
olet spectrum of the sun is continuing. During the 
st year the first double-dispersing spectrograph 
as flown successfully. The spectrum obtained was 
nost completely free from instrumental stray light, 
nich had hitherto limited severely the number of 
tectable emission lines and the observation of the 
lar continuum. The new spectra show the solar 
ntinuum in the wavelength range 1550 to 1000 A, 
here it is distinguished by the absence of any 
aunhofer lines. Within the Lyman series of hydro- 
n, 11 members were resolved including Lyman- 
mma. The Lyman continuum can be followed to 
proximately 800 A. Lyman-y is very weak because 
intense absorption of this wavelength by atmos- 
eric molecular nitrogen. Approximately 200 emis- 
mn lines were observed in the new spectrum and 
ost of these have been identified. They are lines 
9m the abundant light elements in the sun through 
Iphur, in stages of ionization as high as the twelfth. 
1e shortest lines photographed are the resonance 
les of Six1z at 499.3 and 521.1 A. Absorption bands 
9m water vapor which appeared against the solar 
ntinuum near 1100 A. were explained by the pres- 
ce of water vapor evaporating from the rocket 
iring flight. 

High Resolution Spectroscopy. A high resolving 
ectrograph to determine the profile of the Lyman-a 
1e of hydrogen was flown on July 21, 1959, and 
ain on April 19, 1960. The spectra show that the 
yman-e line is broad, with wings extending at least 
one A on either side of the center. Across the top 
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of the line is a broad, shallow, central reversal similar 
to those which are present in the H and K lines of 
calcium and in the Mgit emission lines near 2800 A. 
In addition to this solar reversal there is a narrow, 
deep central absorption core. Its half-width is 0.03 to 
0.04 A, corresponding to the Doppler width for 
hydrogen at a temperature of 800° to 2100°K. The 
absorption line is produced by neutral atomic hydro- 
gen between the spectrograph and the sun. Reduction 
of the spectra indicates a total quantity of hydrogen 
above 92 km of approximately 3 x 101” atoms/cm? col. 
The spectra obtained in 1960 are similar but have not 
yet been reduced. 

Profile of Lyman-a. Calculations of the profile of 
Lyman-a have been made by Morton and Widing 
using the theory of Thomas and Jeffries. It was 
found that the central portion of the profile could be 
reproduced theoretically assuming that the emission 
takes place from a region of the sun with an effective 
temperature of 95 000 degrees and with an electron 
density of 10*° electrons per cubic cm. Work is con- 
tinuing to attempt to describe the wings and to study 
the changes in profile from place to place over 
the sun. 

Disk Photography. On March 13, 1959 a Lyman-a 
disk camera was flown in an Aerobee-Hi Rocket. The 
images obtained showed that Lyman-a is emitted with 
increased intensity over plage regions of the sun, as 
are Ca H and K. New equipment is being prepared 
to photograph the sun with other spectral lines. The 
next attempt will be to photograph the sun with 
Lyman-f and with the Ovz lines nearby. 

Night Airglow. The program, initiated in 1955, to 
measure directly the altitudes of the night airglow 
emissions by means of rocket-borne photometric 
equipment is continuing. On November 6, 1959 an 
airglow rocket carried a number of photometers to 
an altitude of 142 km. The altitude of the maximum 
luminosity of the 5577 A green line of O1 was deter- 
mined to be 97 km, in agreement with earlier meas- 
urements. Radiation near 2650 A, supposedly from 
the Herzberg bands of O,, was measured and lay 
with maximum near 98 km, in agreement with pre- 
vious results. The (O-O) atmospheric band of O, 
centered at 7619 A was measured. This radiation is 
self-absorbed in the atmosphere and does not reach 
the ground. The emission layer appeared to extend 
from 80 to 100 km with maximum emission at about 
93 km. The intensity was about 3700 rayleighs, 
neglecting self-absorption considerations. Measure- 
ment of infrared emission by OH was attempted with 
two photometers. The first had a filter of 180 A half- 
width centered at 7280 to admit the (8-3) band. The 
second covered the wavelength range 7500 A to lu 
approximately and included many strong bands of 
OH. The data from both photometers indicated that 
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at least three-quarters of the emitting layer was lo- 
cated between 75 and 95 km. Continuum radiation 
near 5400 A was found to be concentrated at an alti- 
tude between 100 and 105 km. 

Solar Eclipse of October 1959. An attempt was 
made to photograph the zodiacal light close to the 
sun from an aircraft flying over Ontario during the 
1959 solar eclipse. Photometric equipment was also 
installed to measure the 5577 and 6300 A radiations 
from the airglow and to detect changes during in- 
cidence of the moon’s shadow. Neither experiment 
succeeded because of the presence of clouds above and 
to the east of the aircraft. A color photograph show- 
ing the shadow of the moon in the dawn sky at the 
eastern horizon was obtained, but the sky was far too 
bright to reveal zodiacal light. 

Laboratory Work. A program of experimental ex- 
treme ultraviolet work in the laboratory is carried on 
in support of the program of rocket spectroscopy. 
One of the principal efforts is to determine the 
optical constants of many materials which might be 
used for reflecting coatings in an attempt to develop 
mirror surfaces with higher reflectance in the vacuum 
ultraviolet. The program is carried on cooperatively 
with Dr. George Hass and a group at the Engineer- 
ing Research and Development Laboratories at Ft. 
Belvoir, Virginia. The high reflecting coating mag- 
nesium fluoride over aluminum has been developed 
and tested, It is found to reflect as much as 80% at 
Lyman-a and 18% at Lyman-f. 

Dr. P. G. Wilkinson of the University of Chicago 
has joined the staff of the Branch in order to initiate 
a program of laboratory spectroscopy in the vacuum 
ultraviolet. This is to be aimed at measurement of the 
absorption spectra of atmospheric gases with high 
resolution in order to assist in the interpretation of 
solar spectra obtained during ascent through the 
earth’s atmosphere. 

RicHarp TOousEY 


Upper Air Puysics BRANCH 


PERSONNEL IN ASTRONOMY PROGRAM 


The Upper Air Physics Branch under Dr. Talbot 
A. Chubb contains two sections devoted to astronom- 
ical studies, namely the Solar Radiation Section, 
headed by Robert W. Kreplin, and the Rocket As- 
tronomy Section headed by Edward T. Byram. Dr. 
Philip W. Mange is the Branch theorist. Branch per- 
sonnel concerned with the astronomy program in- 
clude the following members: John F. Meekins, 
Arlyn E. Unzicker, Richard L. Blake, Randolph G. 
‘Taylor, David D. Morrison (summer only), George 
W. Sweeney, William A. Nichols, Joseph J. Neme- 
cek, and supporting technicians. 


OBSERVATORY REPORTS 


INSTRUMENTAL 


Because the program is conducted from rocke| 
most of the instruments used by the Branch aj 
destroyed in the process of use. Examples of this a 
the four 6-inch and four 4-inch reflecting tell 
scopes used in an investigation of stellar emission 
the vacuum ultraviolet. There are, however, sor 
nonconsumed facilities that should be mentione} 
Among these is a mobile telemetering trailer 
equipment for recording FM/FM telemetry at ail 
location to which the trailer can be pulled. TI 
Branch also possesses several vacuum monochron} 
ators which are used in the preflight calibration j) 
photometers. Unique among the instruments at “dl 
disposal of the group is an orbiting solar observator} 
launched in June 1960, equipped to measure the sun 
emission at the Lyman-a line and in a 2-8 A band. j 
x rays. This observatory is used in conjunction wii 
several of the NASA minitrack telemetering station 
to provide periodic measurements of solar emission} 


PROGRAMS 


Flare Program. NRL first started a rocket-base! 
experimental program directed toward gaining add 
tional understanding of the solar flare in 1956. TI 
first objective of this program was a determinatic 
as to whether Lyman-ea radiation or x rays were f 
sponsible for the SID phenomenon. X rays wef 
suspected due to the large variations in solar x-ra 
emission found during the solar cycle. Rockets we 
flown during solar flares both in 1956 and 1957, ai 
evidence was accumulated that total solar Lymar 
was not greatly affected by individual flares. In com 
trast a considerable increase in solar x-ray emissié 
was observed. These measurements were resumed B 
Kreplin in 1959 and data in 0.06-0.6 A, 2-8 A am 
44-60 A bands were obtained in three Class 2+ SII 
flares. Similar measurements were made in fo 
flights during nonflare solar conditions. The dé 
showed that the flux of soft x rays during the flare 
was substantially higher than during backgroun 
flights. In addition, an energetic x-ray emission (pho 
ton energy >20 kev) occurred during the flare: 
which was not seen at all during nonflare conditions 
The energy spectrum of this penetrating flux wa 
measured by pulse-height techniques with a scintilla 
tion counter and it was found that the flux was com 
patible to the Bremsstrahlung emission of thermaliz : 
10® degree electrons. This penetrating flux containe 
about 10-° of the total flare x-ray emission in the on 
case analyzed. 

On August 6, 1960 the NRL Solar Radiatio 
Satellite I caught the early stages of a Class 1 sola 
limb flare with SID. Data were obtained beginnin 
three minutes after the flare was first seen, tw 
minutes after the first reported SSWF, and at th 


rt of the SCNA. At the start of the record a small 
ix of x rays was observed, which subsequently rose 
ire than a factor of 4 near flare maximum. No 
fasurable increase in Lyman-e flux occurred. 

Solar Ultraviolet Photometry. Kreplin, Taylor, and 
sekins are carrying out a program of solar ultra- 
let and x-ray photometry using narrow-band 
Otometers sensitive in selected portions of the 
tuum ultraviolet and x-ray spectrum. This pro- 
am is a continuation of the pioneer work of Dr. 
brbert Friedman. During the 1959-1960 period 
ray data during solar maximum was obtained as 
rt of the flare studies. In addition the NRL Solar 
idiation Satellite I is providing data at 44-day 
ervals on the 2-8 A x-ray and Lyman-a emission 
'the sun. 

X-Ray Photograph of Sun. An x-ray photograph 
‘the sun was obtained in the spring of 1960 by 
ake and Unzicker by mounting on a solar pointing 
ntrol a simple x-ray camera. The camera consisted 
/a 0.005-inch aperture covered with a thin filter 
faque to light but partially transparent to soft 
tays. The x-ray exposure was badly smeared in 
imuth due to rotation of the pointing control but 
varly indicated distinct regions of x-ray emission. 
uch region of x-ray emission corresponded to a 
gion of bright Ha plage. The size of the image 
dicated that the bulk of the x rays originated at no 
‘eat altitude above the limb. 

\Ultraviolet Nebular Glow. The ultraviolet nebular 
low was discovered by the U. S. Naval Research 
aboratory in a 1957 rocket flight in which a battery 
| ultraviolet-sensitive Geiger counters were flown 
oking out through narrow-angle collimators. These 
junters were sensitive in the region from just above 
yman-a to 1350 A. They indicated that extensive 
jow regions surrounded all the early-type bright 
lars, the simplest case being a Virginis. The glow 
‘ound a Virginis extended out about 10 deg. Kup- 
érian, Boggess, and Milligan played a major role in 
tis study. 

Byram, in 1959, attempted to learn more about the 
Mture of this nebular glow, using a single 4-inch 
lescope experiment. A 1230-1350 A ion chamber 
‘as mounted at the focus of this telescope. The re- 
ilts of this experiment were startlingly different 
‘om those of the Geiger counter flight and indicated 
9 bright luminosities of more than four degrees 
fidth. The data also showed a number of point 
durces. It was suspected that differences in detector 
tortwave cutoff may have been responsible for the 
ifference in the responses. The next experiment con- 
Sted of a flight of eight telescopes with detectors 
Qvering several spectral bands between 1050 and 
550 A, including three detectors with accurately 
ontrolled shortwave cutoffs between 1217 and 1225 
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A. Unfortunately because of sparking only two tel- 
escopes gave data. These telescopes covered the 
ranges 1290-1350 A and 1350-1550 A. Both tele- 
scopes viewed a Virginis and neither saw any glow, 
putting an upper limit to the glow intensity very 
substantially below that of the first experiment. A 
repeat of the eight-telescope experiment is planned 
for the near future. 

Ultraviolet Stellar Photometry. The eight-telescope 
experiment has led NRL into one additional field of 
interest, namely, stellar photometry. This work has 
been pursued by Byram and Morrison. During the 
course of the flight intensity measurements were 
made in the 1350-1550 A band on 12 B stars. These 
early findings indicate that far-ultraviolet intensities 
are significantly lower than anticipated. 

Night Lyman-a Glow. Work on the night Lyman-a 
glow goes back to the first night rocket astronomy 
experiment in 1955. Despite this early discovery the 
origin of the Lyman-a glow has not been clearly 
demonstrated. It is believed that the glow is due to 
resonant scattering of solar Lyman-a by atomic 
hydrogen, however, it is still not known whether the 
atomic hydrogen responsible for the glow is entirely 
telluric, or whether a substantial portion of the hydro- 
gen is interplanetary. An experiment in January 1960 
showed that the overhead brightness at 1000 km is 
something like 80% of the overhead brightness at 
300 km. Higher altitudes are required to make the 
experiment diagnostic. 

Tatzpot A. CHUBB 


Rapro AsTRONOMY BRANCH 
PERSON NEL 

The staff is reported here in full since this is a 
first report. Research staff: Edward F. McClain, 
Branch Head; John W. Boland; Joseph M. Bologna; 
Charles M. Bowden; Adrian L. Branning; Robert H. 
Bruton; Harry H. Corbett; Kalen J. Craig; Sydney 
M. Dows; Sidney Edelson; John E.-Gibson, Section 
Head for Millimeter Waves; Charles R. Grant, 
Section Head for Solar Physics; Clifford J. Greben- 
kemper ; James E. Kenney ; Cornell H. Mayer, Asso- 
ciate Branch Head (also Section Head for Radio 
Sources) ; Timothy P. McCullough; Robert J. Mc- 
Ewan; Alvin C. Miller; Joseph H. Nichols; Nicholas 
J. Santini; Allan Shapiro; Russell M. Sloanaker ; 
John A. Waak; Frank Wrigley ; Benjamin S. Yaplee, 
Section Head for Radar Astronomy. Summer student 
trainees in 1960: Ernest Hildner, Wesleyan Univer- 
sity, Middletown, Connecticut, and Michael P. Wein- 
reb, University of Pennsylvania. Secretarial staff: 
Mrs. Thelma P. Showers and Miss Marie Spangler. 

Professor Dirk Brouwer of Yale University and 
Professor A. Edward Lilley of Harvard University 
are on the staff as part-time consultants. 
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Mr. Arno Penzias and Mr. William Rose, graduate 
students of Professor C. H. Townes of Radiation 
Laboratory of Columbia University, have been carry- 
ing on the development of 21-cm and 10-cm masers. 

Professor Marguerite Risley of Randolph-Macon 
Woman’s College was a visitor during the spring and 
summer months. 


SCIENTIFIC EQUIPMENT 


Observational work is carried on at three presently 
active sites: (1) the main station of the Laboratory 
in Washington, (2) the Maryland Point Observatory 
on the Potomac River in Charles County, Maryland, 
and (3) the Bald Eagle Observatory near the main 
Laboratory station in Washington. 

At the main station the 50-foot altazimuth solid 
reflector has been in use recently with 10-cm radar 
equipment for lunar radar observations. In the past 
this antenna made possible pioneering observations at 
wavelengths between 1.8 cm and 21 cm. A 10-foot 
aperture equatorial reflector is equipped for 8.6-mm 
passive observations, and a 4.3-mm receiver is being 
readied for occasional substitution for the 8.6-mm 
equipment. Smaller reflectors on an equatorial mount 
are used at 9.4 and 3.15 cm for monitoring solar 
radiation. 

The recently-acquired (1958) 84-foot equatorial 
reflector is located at the Maryland Point Observa- 
tory. It is presently fitted with 21-cm equipment, but 
has previously yielded valuable new results with a 
conventional 10.2-cm receiver. A wide-band 10-cm 
traveling-wave-tube receiver has been obtained re- 
cently for use with this antenna. 

The Bald Eagle site is temporary, and has been 
used for synchronized Ha and 4.3-mm solar observa- 
tions, mainly during the IGY. 


RESEARCH RESULTS 

Planetary Radiation—V enus. The first radio ob- 
‘servations of Venus at wavelengths of 3.15 and 9.4 
cm, made at the inferior conjunction of 1956 by 
Mayer, McCullough, and Sloanaker, gave intensities 
corresponding to unexpectedly high equivalent black- 
body disk temperatures of about 600°K. This tem- 
perature is more than twice as great as the apparent 
blackbody temperature derived from measurements 
of the infrared radiation of Venus. Further observa- 
tions were made near the inferior conjunction of 1958 
at 3.4 cm wavelength by Mayer, McCullough, and 
Sloanaker, and at 3.37 cm by Alsop, Giordmaine, and 
Townes of Columbia University in association with 
Mayer, using a solid-state maser designed and built 
at Columbia University. Measurements were also 
made following the inferior conjunction of 1959 at a 
wavelength of 10.2 cm by Mayer, McCullough, and 
Sloanaker. These more recent measurements con- 
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firmed that the measured emission from Venus | 
wavelengths near 3 cm and 10 cm fits the spectru 
of a blackbody at a temperature near 600°K. Tak 
together, these observations were spread over a ¢0 
siderable range in phase angle, and the measuremer 
suggest the existence of a correlation between pha 
angle and radio brightness temperature averaged oy, 
the planetary disk. a 

A limited group. of observations at 8.6 mm we 
obtained at the inferior conjunction of 1958 by G 
son and McEwan, from which the brightness tet 
perature was found to be on the order of 400°! 
rather than 600°K as for the longer wavelength 
Additional observations not yet evaluated were o 
tained at 8.6 mm immediately after the inferior co 
junction of 1959. It is hoped to obtain data at 4. 3: m 
during the winter and spring of 1961. i 

Planetary Radiation—Jupiter. The first measut 
ments of the steady radio emission from Jupiter: 
short centimeter wavelengths gave intensities th 
could be accounted for as thermal radiation; i. 
Mayer, McCullough, and Sloanaker found an equi 
alent blackbody disk temperature of 145°K at 3. 
cm in 1956 and 1957, and Giordmaine, Alsop, a: 
Townes of Columbia University in association wi 
Mayer obtained disk temperatures from 170°K— 
190°K at wavelengths from 3.03 cm to 3.36 cm dt 
ing 1958 and early 1959. In addition observatio 
(not yet fully reduced) by Gibson in 1959 at the st 
shorter wavelength of 8.6 mm indicate that the di 
temperature is probably less than 200°K. 

However, measurements by Sloanaker in 1958 
wavelengths of 10.2 and 10.3 cm gave an unexpei 
edly high average blackbody disk temperature — 
640°K, and more recent measurements by McClai 
Nichols, and Waak at 21-cm wavelength in 1959 ga’ 
disk temperatures of about 2500°K. These decimet 
wavelength measurements indicate that the long 
wavelength radiation may be largely nonthermal. | 
addition both the 10 cm and 21 cm observatio 
showed some evidence for a short-term variability 
about 30% in the intensity of the radiation, whi 
may be correlated with the rotation of the planet. 

Further measurements at 10.2 cm by Sloanak 
and Boland in October 1959 using the same apparat 
formerly used at this wavelength gave a disk tet 
perature of 315°K, only half that measured in 19§ 
This evidence of long-term variability in the intensi 
lends support to the possibility that the observ 
long-term variation in intensity at 3 cm occurri! 
between the 1956-1957 and the 1958-1959 observ 
tions may be real. 

Planetary Radiation—Mars. The first radio obs 
vations of Mars were made in 1956 by Mayer, 
Cullough, and Sloanaker at 3.15 cm. The measut 
ments gave an equivalent blackbody disk temperat 


18°K. Further measurements were made in 1958 
3.14 cm by Giordmaine, Alsop, and Townes of 
‘ambia University in association with Mayer using 
|\Columbia University maser. These measurements 
/e an equivalent blackbody temperature of 211°K. 
» temperatures obtained from the radio measure- 
/its agree well with the average radiation tempera- 
2 of 217°K computed by Kuiper. 

Vosmic Radio Sources. Sloanaker and Nichols have 
sured the positions, intensities, and sizes of eight 
zht discrete sources at a wavelength of 10.2 cm 
ng the 84-foot reflector. The measured radio posi- 
is of six of the sources (Cassiopeia A, Cygnus A, 
arus A, Virgo A, Orion Nebula, and Centaurus A, 
'which accurate optical positions are available) 
cided with the positions of the optical centers of 
“sources to within the uncertainties in the radio 
asurements of + one minute of arc probable error 
both right ascension and declination. Using the 
ne apparatus at 10.2 cm Sloanaker has observed 
‘roximately 30 more of the brighter discrete 
tees and has mapped a section of the galactic plane 
the region of the galactic center, and McCullough 
| Bowden have mapped a section of the plane in 
‘vicinity of the Omega Nebula (M17). 
Measurements at 3.15-cm wavelength by Mayer, 
Cullough, and Sloanaker in 1956 indicated a 
arized component in the received radiation from 
Crab Nebula (Taurus A) of about 10% of the 
al radiation. The position angle was near that of 
_ optical polarization averaged over the nebula. 
wre accurate measurements in 1957 indicated that 
vut 7% of the total radiation of the Crab Nebula 
$ plane-polarized at 3.15 cm with a position angle 
about 149 deg. Observations of the radio source 
5 A with the same equipment did not show any 
asurable polarization in the received radiation. 
More recently a search was made by Mayer and 
vanaker for linearly-polarized components of the 
2-cm radiation from the radio sources Cas A, 
lurus A (Crab Nebula), Cyg A, Vir A and M17 
ing the 84-foot reflector. Only radiation from 
urus A showed a plane-polarized component in 
| radiation. The polarized component was about 
) of the total radiation with a position angle for 
| electric vector of about 135 deg. The sources 
s A, Cyg A, and Tau A were measured at two 
er wavelengths as well, 11.3 cm and 11.5 cm. The 
ults were similar at the three wavelengths indicat- 
that there is little Faraday rotation along the 
th between Taurus A and the earth. 

4 survey of the brightest sources has been under- 
‘en by Gibson at 8.6-mm wavelength. The results 
‘hand are too premature to permit more than 
tative conclusions ; however, it appears the sources 
iopeia A and M1, the Crab Nebula, are brightest, 


| 
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while the Hi nebulae M17 and M42 (the Omega 
and Orion nebulae) are surprisingly faint, consider- 
ing the flat spectrum expected for such regions. M17 
may be more diffuse than M42, which seems to be 
quite centralized. The right ascension for the bright- 
est part of the galactic-center region is displaced from 
the position for 3-cm and longer wavelengths, which 
may signify the 8.6-mm source is an H1 region not 
dominant at longer wavelengths. 

Sun. The simultaneous optical and radio-wave- 
length observations of solar activity conducted during 
the IGY have continued during the past year on a 
selected time basis. Radio observations of the sun at 
4.3 mm, 3.15 cm, and 9.4 cm have been made by 
Edelson, Grant, Santini, and Corbett only at such 
times as the weather permitted the photographing 
of the sun in Ha, and the data were analyzed by 
Edelson and Coates in 1959 and Edelson and Grant 
in 1960. A comparison between Ha intensity meas- 
urements of flares, made at 6-sec intervals, with the 
9.4-cm burst flux curves, suggests that the two phe- 
nomena are related to the same primary source. 
Brightness temperatures of radio-burst sources, de- 
duced from the measured flux increases during solar 
outbursts together with assumed source sizes inferred 
from He correlating regions, suggest this enhanced 
radiation is probably due to nonthermal emission. 
Measurements at 4.3 mm indicate that a slowly vary- 
ing component, which is thermal in origin, should be 
somewhat less than 600 X 10-°? wm"? cps7. 

Moon. Following earlier measurements at 8.6 mm 
by Gibson, at 2.2 cm by Grebenkemper, and at 3.15 
cm by Mayer, McCullough, and Sloanaker, Waak has 
observed the moon through several lunations at 10- 
cm and 21-cm wavelengths using the 84-foot reflec- 
tor, to investigate the brightness variation at these 
wavelengths. Preliminary analysis indicates a mean 
equivalent blackbody temperature of about 230°K for 
the 2l-cm data. The possible existence of a small 
variation with phase is being investigated closely. 

Observing at a wavelength of 4.3 mm and with an 
antenna beamwidth of 6.7 minutes of arc, Dr. Robert 
J. Coates (now with NASA) was able to construct 
a few brightness contour maps for different phases 
by making repeated television-type scans across the 
moon’s disk. These contour maps show clearly the 
progress of the brightest area as it follows the sub- 
solar point across the lunar disk, and the equatorial- 
to-polar brightness variation was shown to be more 
pronounced than had been anticipated. Also, the con- 
tours seem to show correlation with some of the 
major topographical features. It is planned to com- 
plete these observations over a lunation. 

The total lunar eclipse of March 13, 1960 was 
observed by Gibson at 8.6 mm and at 21 cm by 
Waak. The 8.6-mm results point in a uniquely con- 
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clusive manner to stratification in the lunar surface, 
and early publication of these findings is anticipated. 

Accurate radar range measurements to the moon 
have been made by Branning, Bruton, Craig, Shapiro, 
Wrigley, and Yaplee over many lunar cycles. Previ- 
ous observations using short-pulse microwave radar 
have shown that a potential range accuracy of better 
than one-fifth of a mile can be achieved. But, when 
comparing the radar-measured distance with the 
theoretical distance, it is found that there exists 
a constant systematic difference and an apparent 
cyclical (time-varying) difference. The constant dif- 
ference may be explained by correcting a constant, 
the mean earth’s equatorial radius, in the calculated 
distance. The time-varying difference is not as easily 
explained, but it appears that the topological features 
of the moon may be the contributing factor, because 
of the range resolution capability of this radar. To 
seek out these features by means of radar, observa- 
tions over many lunar cycles have been conducted, 
with the hope that certain areas on the moon will 
yield a radar signature which will correlate with 
features shown on optical photographs of the lunar 
surface. Then if the elevations of mountains and 
craters of the moon can be referred to some mean 
surface (mean radius) it may be possible to account 
for the time-varying differences. 


Epwarp F, McCratn, Jr., Branch Head 


Van Vleck Observatory, Wesleyan University, 
Middletown, Connecticut 


Personnel. Dr, Heinrich K. Eichhorn joined the 
Observatory staff as Associate Professor of Astron- 
omy. At the end of the year Professor C. L. Stearns 
retired after 37 years’ service. Dr. C. E. Gasteyer, 
who accepted a position at the Electric Boat Com- 
pany, Groton, Connecticut in July 1959, was named 
Research Associate. Dr. F. R. Zabriskie, Ph.D. 
- Princeton 1960, has accepted an appointment as 
Assistant Professor and Dr. A. N. Goyal from the 
University of Rajasthan, India, was appointed Re- 
search Associate:as of July 1, 1960. Mrs. Helen 
Dondero remained as Secretary, assisted by Mrs. 
Lillian Shiman and Miss P. A. Clark, part time. 
Professor Thornton Page served as Chairman and 
Director, C. E. (Emerson) "WH. Jetterys: Rue: 
Schutz, and E. M. Standish served as part-time 
student assistants. 

Research, Stearns published the parallaxes of 20 
stars (Astron. J. 64, 269, 1959) and completed Vol. 
III of the Publications of the Van Vieck Observatory, 
summarizing detailed parallax measurements of 129 
stars, making a total of 259 measured at Van Vleck 
Observatory. Further observations and reductions 
will be undertaken by Eichhorn and assistants. 
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Page completed a statistical study of masses of 
double galaxies using radial velocities of 52 pa 
measured by Humason, Mayall, and himself, ¢ 
presented the results at the Fourth Berkeley 5 
posium on Mathematical Statistics and Probabij 
(‘““Proceedings” in press, University of Califory 
Berkeley). The average mass of all 52 paits) 
(3.0/h) X10 suns, probable error +207%, whi 
h=100 divided-by the Hubble constant in km, 
/megaparséc. For 14 pairs containing spiral or irt 
ular types only, (M,)=(0.3/h) X10" +70% if 
(Ms/Ls)=0.3h +70%. For the elliptical and | 
types, (Mp)=(6.3/h) X104% £25% and (Mp/La)= 
+27%. If an intergalactic material density is) 
change these results significantly it must be grea 
than 10°°° g/cm’. 

Eichhorn continued work on double stars (Ast, 
J. 65, 148, 1960), on an improved method for | 
reduction of photographic star positions (Ast 
Nach., in press), on the length of the Russian 
nik Ill booster (published in an unclassified R 
internal report), on accurate determinations of « 
star positions in the Pleiades (supported by 
Army Map Service), and on systematic errors im 
Hyderabad zone of the Astrographic Catalogue (& 
ported by a National Science Foundation grant). 
started an investigation of the procedures for m 
uring satellite positions from Baker-Nunn Schm 
type cameras, and the accuracy possible (suppot 
by the USAF Cambridge Research Center). i: 

Gasteyer continued reduction of double star 
servations. 

Instruments and Equipment. The six-inch a 
tor purchased in 1836 and out of use since 1868 
been mounted in a new 12-foot Fiberglas dome 
west end of the Observatory roof. This instrun 
fitted with a photographic plateholder made i 
University shop, and a photoelectric oa 
to be adapted, is primarily for student use. | 
electric sidereal clock for the new dome was f 
sented by the Central Connecticut ae 4 
tronomers, : 

With the support of an NSF grant, a comput 
center has been established in the Observatory ba 
ment, equipped with a Royal-McBee LGP-30 é 


| 
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A Gaertner spectral comparator has bead 1 
chased for the measurement of spectrographic pla 
and equipment assembled for scanning and ro 
position measurements on the Observatory’s p 
copy of the Palomar Atlas, the latter with support 
an NSF grant (Student Research). : 

Page has designed a fast grating spectrograph | 
use at the Newtonian focus of the Cordoba 61-1 
reflector in Argentina. Two flared gratings are 
order from Bausch and Lomb, an f/0.5 semis¢ 


hmidt camera from Perkin-Elmer, and other parts 
ve been assembled with the support of an NSF 
ant. The case and adapter plate are being fabricated 
| the University shop. When completed, early in 
61, this instrument will give unvignetted spectra 
to ten minutes of are wide at dispersions of about 
‘0 and 400 A/mm. 

‘An iris photometer is on order from Askania- 
erke and a Mann measuring engine with digitizer 
being provided by the USAF on loan. 


THORNTON Pace, Director 


r arner and Swasey Observatory, Case Institute of 
Technology, Cleveland, Ohio 


‘The research activities of the Warner and Swasey 
bservatory are as follows: 

‘Objective Prism Surveys of High-Luminosity 
tars. As reported last year (Astron. J. 64, 318, 
959), the Hamburg Observatory and the Warner 
id Swasey Observatory are cooperating in a survey 
ir the discovery of OB stars and A and F stars of 
gh luminosity in the sky north of 8=—16°. The re- 
ilts of this survey for an area of 600 sq deg in Cassi- 
peia and Perseus have been published by the Ham- 
arg Observatory. An area of the same size in Sagitta, 
ulpecula and Cygnus, covered by plates taken at 
lamburg, has been surveyed in Cleveland. This re- 
ion, 20° wide, is centered on the galactic equator 
ad extends from J=15° to J=45°. All galactic co- 
tdinates in this report are based on the Lund pole. 
fhe resulting catalogue, which contains data for 
100 stars, is ready for publication. (Stock, Nassau, 
tephenson. ) 

A similar survey of the Milky Way extending from 
=342° through zero to J=15° has been undertaken 
n plates taken at this observatory. A strip about 
5°. wide centered along the galactic equator is under 
ivestigation. Four sets of plates covering the region 
re being taken; three of these include the UV and 
lue regions of the spectrum and one set includes the 
Ja region, The limiting photographic magnitude of 
he survey is about 12.5. Approximately 60% of the 
earch and spectral classification has been completed. 
\ number of stars with peculiar spectra and a num- 
er of emission objects have been found. (Nassau, 
stephenson, Upgren. ) 

New Galactic Clusters. The spectrum plates taken 
or the ultraviolet survey have yielded seven new 
alactic clusters in the Milky Way region from 
=15° to J=45°. In addition, the survey has yielded 
nore spectral data for eight known galactic clusters. 
fhe results of this investigation have been published 
Publs. Astron. Soc. Pacific 72, 205, 1960). (Ros- 
und. ) 
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Galactic Clusters Containing M Giants. Some time 
is being devoted to an examination of objective prism 
plates for identification of previously unknown clus- 
ters around known M-type giant stars. Such clusters 
presumably would be old and, hence, possibly quite 
loose and hard to detect. The M-type giants may be 
considered as possible tracers for locating old clus- 
ters. One such cluster, not old (involving § Lyrae), 
was recently discovered by accident by Gordon Grant 
(cf. Stephenson, Publs. Astron. Soc. Pacific 71, 145, 
1959). This program is just beginning. (Stephenson. ) 

Spectral Classification Criteria. The criteria for 
spectral classification from objective prism plates 
which include the ultraviolet region to 43300 have 
been established by observing standard stars of 
classes O to GO in the MK system. Classifications of 
OB stars and other highly luminous objects agree in 
general with a previous investigation by Slettebak 
and Stock. From our spectra, luminosity classes Ia, 
Ib and II can be recognized for spectral types be- 
tween B6 and GO; class III is recognizable for types 
B7 to A5 and again at GO. 

The ultraviolet region of the spectrum proves to 
be useful for the identification of the common types 
of white dwarfs and for some A-type subdwarfs. 

The results of this study, including a discussion of 
criteria in the Ha region for the detection of plan- 
etary nebulae, emission-line stars, and early M- and 
S-type stars, have been published recently. (Nassau 
and Stephenson. ) 

Spectral Classification of Wolf-Rayet Stars. Sev- 
eral Wolf-Rayet stars lacking previous assignment to 
the carbon or the nitrogen sequence have been classi- 
fied on plates in our collection. The results have been 
published (Publs. Astron. Soc. Pacific 72, 126, 
1960). (Stephenson. ) 

Classification of Red Stars with Very Small Dis- 
persion Spectra. By combining the 2° prism and 
the new 4°5 UV prism, a dispersion at the telluric 
A band can be obtained which ranges from 1600 to 
20 000 A/mm. Experiments have been made to deter- 
mine the minimum dispersion at which various types 
of red stars may be classified. 

Stars of spectral type M6 and later can be recog- 
nized with a dispersion of about 11 000 A/mm. Stars 
of spectral class C, M4, and M5 can also be detected 
if the dispersion is increased to 6000 A/mm. Stars of 
classes M2 and M3 require at least a dispersion of 
4000 A/mm. These results indicate that the use of 
very small dispersion can yield a gain of about 
one stellar magnitude over the limiting magnitude 
achieved previously at this observatory in studies of 
faint red stars. (Blanco.) 

Variability of Late M Stars. The percentage of 
variables and the ranges of variability among a group 
of 51 stars of type M4 and later are being determined. 
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These stars are located in an area of 0.5 sq deg within 
the Groningen-Palomar Variable Star Field No. 2. 
The photovisual magnitudes were determined at 
seven epochs covering a three-year period. Among 
these stars, 84% show ranges of variability exceed- 
ing 0.5 mag.; 33% show ranges exceeding 1.0 mag. ; 
15% show ranges exceeding 1.5 mag. The last group 
consists principally of stars of spectral type M7 
or later. 

This study has been carried out in collaboration 
with Dr. L. Plaut of the Kapteyn Astronomical Lab- 
oratory in Groningen, where at present the deter- 
minations of magnitude at other epochs are being 
made. (Blanco. ) 

M Stars Near the North Galactic Pole. The tech- 
nique for detecting dwarf M stars in high galactic 


latitudes (Astron. J. 63, 383, 1958) has been applied | 


to an area of 20 sq deg centered at the Lund north 
galactic pole. In this area 37 stars of spectral type 
M2 and later and brighter than infrared magnitude 
13.0 were found. Three of these are of magnitude 7.5 
or brighter and 34 are of magnitude 9.5 or fainter. 
The stars of the fainter group are assumed to be 
dwarfs. 

The observed number of dwarfs of types M2 to M4 
agrees well with the number expected on the basis of 
the known space density of these objects. On the 
other hand, six times as many stars as expected of 
type M5 and later were observed. (Williams and 
Blanco. ) 

M Stars in the Galactic Nucleus. Identification of 
M-type stars later than M5. on infrared objective- 
prism plates kindly made available by Dr. Haro of 
the Tonanzintla Observatory has been continued. An 
area of 20 sq deg centered at =330°, b=—7°5 has 
been surveyed. The limiting infrared magnitude is 
13.0. Blue-infrared colors for enough stars to estab- 
lish the absorption in the area are being measured. 
A study of the surface and space density of these late 
M stars will be made. (McCuskey.) 

M Stars in Globular Clusters. Sandage has recently 
pointed out that Morgan’s metal-rich globular clus- 
ters may contain M stars, whose presence or absence 
would have a bearing on current theories of stellar 
evolution. A survey with objective-prism spectra in 
the Ha region for the clusters observable in Cleve- 
land is being undertaken for the detection of M-type 
stars in such clusters. (Stephenson. ) 

White Dwarfs in the Ursa Major Cluster. The 
nucleus of the Ursa Major cluster has been searched 
spectroscopically for the one or two white dwarfs 
predicted by the Salpeter-Sandage initial luminosity 
function. The UV prism was used. Direct identifica- 
tion of white dwarf stars having strong hydrogen 
lines is possible with this equipment. 

Three such stars were found. None of these have 
published proper motions, but an unpublished proper 
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motion by Luyten and one by Stephenson indi 
that two of the stars are not members of the clad 
If the third star is also a nonmember, then a statis 
argument suggests that the number of undiscovet 
white dwarf stars is larger than previously suppose 
The results of this study are in press. (Stephenson, 
Hypersensitizing Techniques for Infrared Plate 
A number of controlled experiments have been cai 
ried out in order to obtain more efficient methods ¢ 
hypersensitizing infrared plates and to determine th 
gains in speed thereby achieved. The usual ammoni 
solution, as well as plain water, and a ne 


mine solution have been tried as hypersensitizi 
agents. In order to match the reciprocity failure ¢ 
fects encountered in long exposures, the speed gait 
were determined from plates exposed for 30 min 
in a calibrated tube sensitometer. Densities wel 
measured photoelectrically. ? 
The three hypersensitizing solutions listed abel 
yielded gains in exposure time of 4.0, 2.3, and 3J 
respectively. A remarkable age effect was found. T! 
Eastman 1N emulsions appeared to lose sensitivit 
with age. Hypersensitizing rejuvenated the plate 
making them as sensitive as fresh hypersensitize 
plates. (Sanduleak and Blanco.) A 
Luminosity Function in S, A. 158. Plates for spe 
tral classifieation and photometry in S. A. 158, ne 
the galactic center, have been taken by Dr. Blane 
with the new Schmidt-type telescope at the Bossel 
Observatory, Lembang, Indonesia. These will be use 
to investigate the stellar density and luminosity di 
tributions in this southern region of the sky. (M 
Cuskey. ) 
Absolute Magnitudes of F Stars. A study of 1 
motions of stars of spectral classes FO, F2, F5 t 
determine the mean absolute magnitudes and di 
persions for these groups has been partially com 
pleted. The analysis is similar to that made recent 
for the G5 stars (Astron. J. 64, 189, 1959). i ie 
Cuskey. ) . 
Metallic and Peculiar A Stars. A program fe 
identifying and studying the metallic-line and th 
peculiar A stars along the galactic equator has bee 
initiated. The stars selected for examination are thos 
in a zone —10°<b<+10° with proper motions give 
in the Yale Zone Catalogues. This study carries 1 
fainter limits the survey made by Slettebak an 
Nassau (Astrophys. J. 129, 88, 1959). Spectral type: 
magnitudes and colors for these objects, toget 
with the proper-motion distributions, may shed som 
further light on their population characteristics. Ac 
ditional data for the faint stars of these types is bein 
compiled from spectral classifications in the 
regions. (McCuskey. ) 
Staff. The staff holding faculty rank remains th 
same as last year: Professor Nassau and Professo 
McCuskey, Associate Professor Blanco, Assistat 


fessor Stephenson. Mr. John Finnerty continued 
erve as Associate Astronomer. 
uring the period April 1 to July 1, 1960, Dr. 
co was on leave of absence. During this period 
‘carried out a mission in Indonesia under the 
pices of UNESCO. This consisted principally of 
| installation of a new 20-28 inch Schmidt-type 
scope at the Bosscha Observatory, Lembang, 
lonesia, and of training the Bosscha staff in the 
- of the telescope. The plates brought back by Dr. 
nico attest to the optical excellence of this new 
trument, a welcome addition in the southern 
isphere, 
?rofessor Carl Schalén of the Lund Observatory 
ved as Visiting Professor of Astronomy at Case 
‘ing the spring semester, January—May, 1960. He 
s one of the four visiting professors coming to this 
mtry under the auspices of the American Astro- 
nical Society and the National Science Foundation. 
Mr. Curt Roslund of the University of Lund con- 
ded his stay as a Cleveland Astronomical Society 
low in October, 1959. 
Visitors to the Observatory during the year under 
riew have been: Robert P. Kraft, Yerkes; L. 
rek, Prague; A. G. Wilson, Rand Corporation; 
de Vaucouleurs, Harvard; W. A. Hiltner, Yerkes ; 
Aa. Strand, U. S. Naval Observatory; Miss 
uncy Roman, N.A.S.A.; Otto Struve, National 
idio Astronomy Observatory; W. Becker, Basle; 
iss W. Iwanowska, Torun; A. H. Delsemme, 
Igian Congo; J. Stock, McDonald Observatory. 
veral of these were speakers at meetings of the 
eveland Astronomical Society. Many of them gave 
lloquium talks for staff and students. 
Five graduate students in astronomy at Case as- 
ted in the observing and public activities of the 
servatory. Two of these carried on research lead- 
x to theses. 
Publications. The following papers were published 
ring the year July 1, 1959, to June 30, 1960: 


anco, V. M. and Grant, Gordon. “Red stars near 
the young cluster NGC 6530.” Publs. Astron. 
Soc. Pacific 71, 194-201, 1959. 

anco, V. M. and Williams, A. D. “A new O-B 
association with an unusual reddening effect.” 
Astrophys. J. 130, 482-486, 1959. 

avridis, L. N. “Relatively cool stars in galactic 
clusters.” Astrophys. J. 130, 626-628, 1959. 
cCuskey, S. W. and McCuskey, W. A. “The giant- 
dwarf ratio among the G5 stars.” Astron. J. 64, 
189-194, 1959. 

»slund, Curt. “Remarks on some new and some 
known galactic clusters.” Publs. Astron. Soc. 
Pacific 72, 205, 1960. 

ephenson, C. B. “On the white dwarfs of the 
Coma cluster.” Publs. Astron. Soc. Pacific 72, 
42-47, 1960. 
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. “Spectral classification of some faint Wolf- 
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S. W. McCuskey, Director 


Washburn Observatory, University of Wisconsin, 
Madison, Wisconsin 


Personnel. Dr. T. E. Houck was on leave of ab- 
sence from July 1959 through January 1960 to par- 
ticipate in the image tube development program of 
the Carnegie Institution of Washington at Flagstaff, 
Arizona. Professor C. M. Huffer was on leave of 
absence for the second semester to carry out an 
investigation at the Kitt Peak National Observatory. 
Dr. D. E. Osterbrock and Mr. Ralph Stockhausen 
carried out a program at the National Radio Obser- 
vatory during July and August 1959. Dr. John S. 
Mathis was appointed Assistant Professor and Dr. 
R. C. Bless served as an instructor during the second 
semester. Dr. Bless, D. J. Schroeder, and Edith 
Flather worked as Project Associates. 

The following graduate students held assistantships 
during the year: Myron D. Bergenske, Martin S. 
Burkhead, Warren A. Campbell, Eugene R. Capri- 
otti, George W. Collins II, Harland W. Epps, John 
S. Neff, Charles R. O’Dell, Daniel J. Schroeder 
(summer 1959), Philip M. Solomon, Donald J. Tay- 
lor, Donald K. West and Duane A. Williams (sum- 
mer 1959). Mr. John Neff was awarded the Steward 
Observatory fellowship at the University of Arizona. 
Mr. Kenneth Hallam received a Ph.D. degree with a 
thesis on his search for variations in the law of inter- 
stellar reddening. 

Visitors who gave colloquia included J. Brandt, 
E. M. Burbidge, R. Kraft, P. Ledoux, N. Limber, 
R. Minkowski, G. Minch and C. Sagen. 

New Facilities in Instrumentation. In July, 1959 
the Astronomy Department moved to new quarters 
on campus, thus bringing to a close a long impressive 
chapter in the 80-year history of Washburn Observa- 
tory. While it was difficult to leave Observatory Hill, 
the new facilities were urgently needed. Development 
of the Pine Bluff Station of the Washburn Observa- 
tory continued throughout the year. An F/1 Schmidt 
photographic camera was added to the photoelectric 
scanning spectrograph on the 36-inch reflector. A 
new photoelectric photometer was constructed for 
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the 12-inch Cassegrain and various modifications 
were made to the 5-inch nebular photometer. A small 
solar telescope feeding a very high resolution Fabry- 
Perot scanning photoelectric spectrograph is being 
installed on the observing roof of the campus facilities 
under a joint program with the Physics Department 
of the University of Wisconsin. 


RESEARCH 


Galactic Structure. In Hallam’s multicolor photo- 
electric investigation of the law of interstellar redden- 
ing, he found evidence for variations in the reddening 
curve in different regions of the galactic plane. In 
particular the largest deviations from a 1/A law are 
found for those objects associated with nebulosity and 
for which it may be inferred that the bulk of the 
reddening material is near the stars. The largest de- 
parture is found for the stars in the Trapezium, a 
result in agreement with the earlier data of Baade and 
Minkowski, and Stebbins and Whitford, but in con- 
tradiction to the more recent studies by L. Divan. 
Large deviations were also found for the I Mon 
region. Miss Flather has analyzed those OB asso- 
ciations for which reliable spectroscopic and photo- 
metric data are available and has found a correlation 
of the ratio of total to selective absorption with 
the departures from 1/A reddening determined by 
Hallam. The large deviation found for 6, Orionis has 
also been confirmed by Code from photoelectric scans 
of the individual Trapezium stars. 

O’Dell and Code have analyzed photographs of 
spiral galaxies from the point of view of locating the 
dust arms and the star arms. In general, the arms 
delineated by the dust appear to be more tightly 
wrapped than those outlined by the bright blue stars. 
Miss Flather is at present engaged in a multicolor 
photometric program on the energy distribution of 
high- and low-velocity late-type giants. It‘is intended 
to establish suitable criteria for estimating the effect 
of line blanketing in these late-type objects and hence 
the heavy metal abundances. 

Planetary and Diffuse Nebula. Flather and Oster- 
brock measured long-exposure slit spectra of NGC 
1976, the Orion Nebula, and identified most of the 
observed emission-lines. The results in general con- 
firm earlier lists of identifications for this nebula and 
among the new lines identified are several Sz1r re- 
combination lines, the a°D,—a*H, line of [Fert] 
and possibly a single line of [Nz111]. Osterbrock 
completed measurements and interpretation of the 
observational material on forbidden [O11] 3729/3726 
intensity ratios in planetary nebulae. The observa- 
tions show that there is a systematic relation between 
surface brightness and electron density in these 
nebulae, of the form that would be expected if all 
planetaries were objects of similar mass and tempera- 
ture observed at different stages in their expansion 
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from small, dense objects to large, low-den} 
nebulae. The measured mean electron density] 
NGC 3587, together with estimates of its brig iti 
by Minkowski and Aller, shows that its mass is @ 
a few hundredths of a solar mass. Density fluctuati 
in planetary nebulae are in general not as extreme 
the density fluctuations in the interstellar gas a 
NGC 1976. : if 
Mathis has been engaged ina spectrophotome 
study of gaseous nebulae using the photoelectric s¢ 
ning spectrograph, directed toward the determinat| 
of the hydrogen to helium ratio following the me 
ods he originally employed in the investigation of 
Orion Nebula. Capriotti and Daub measured w 
the scanning spectrograph the fluxes in energy ur 
in the Hg ond forbidden [Orr] N1 and N2 li 
from 15 planetary nebulae with small angular diz 
eters. The calibration came from measurements 
bright stars of continuous spectra previously 
ured by Code, while the conversion into energy i 
was provided by the solar constant and the sul 
visual magnitude. Some of the planetaries were pre 
ously observed at the University of Michigan ~ 
Liller and Aller and the agreement between re 
sets of results is good. The two small planetaries th 
are brightest in HB and hence most suitable 
detection as radio frequency thermal sources turn 
out to be NGC 6543 and IC 418. ‘4 
Osterbrock measured with a small 5-inch refra 
ing telescope the fluxes in HB and the forbid 
[Ot] N1 line from the diffuse nebula NGC 2 
using a photoelectric photometer with narrow-ba 
interference filters. The calibration was made by a 
measuring with the same equipment small planet 
nebulae with known fluxes. Several other planetar 
too large in angular diameter to be observed witl 
36-inch telescope were also measured in order” 
determine their fluxes, and among these it turned ¢ 
that NGC 6853 is the brightest known planetary 
HB, and therefore is a likely object to be obsery 
as a radio source. Stockhausen spent the summer 
1959 at the National Radio Astronomy Observato 
Green Bank, West Virginia, and measured the fl 
in the continuum at 22 cm from the diffuse nebi 
NGC 281. The calibration was provided by measut 
ments with the same equipment of the bright ra¢ 
source Cas A. Comparison of the measured H@ a 
radio frequency fluxes from this nebula provides 
critical test of the theory of thermal radiation. “ 
ratio of the fluxes is discordant but the discrepancy 
only slightly larger than the probable errors of 0 
servation and can be made to vanish entirely by rel 
tively minor changes in the assumptions used in f 
calculation, 
O’Dell began a program of measuring the flux 
in energy units in the continuous spectrum of t 
Crab Nebula at selected spectral regions free of em: 


lines. The first measurements were made with 
12-inch telescope using six specially selected 
ference filters at wavelengths between 3400 and 
) A. This program, including its extension to 
jer wavelengths, is to be continued throughout the 
[ year. 
tellar Energy Distribution. Code and Bless are 
irmining the absolute energy distribution in the 
‘inua of early-type stars. The observations made 
the spectral region from 3400 to 10000 A with 
\ resolution are carried out with the photoelectric 
‘tral scanner attached to the 36-inch reflector at 
| Bluff. The spectrum of the star is compared 
1 that of a standard tungsten ribbon filament lamp 
ited on a tower 1000 feet from the telescope. The 
ysten ribbon lamps are in turn calibrated against 
lackbody operating at the freezing point of plat- 
n. These measurements are being undertaken to 
rove the present preliminary calibration of the 
tive spectrophotometry that has been undertaken 
his observatory in the past few years. Bless is 
ning the continua of late B and early F stars in 
visual region in order to compare their energy 
ribution with those predicted by model atmos- 
res. As in his previous work with A-type stars, 
S attempting to derive the effective temperature 
surface gravities and hence the masses of these 
s. Code has completed a discussion of the energy 
ribution of subdwarfs. 
clipsing Variables. Huffer has carried out a pro- 
n on the light curves of eclipsing variables, both 
ine Bluff and at the Kitt Peak National Observa- 
, and has at present reliable data on S Cne and 
Ori. Light curves have also been obtained for 
stars RS C Vn, TW Dra, and TW Cas. In collab- 
ion with Kopal, Collins has written a machine 
gram for the orbit solutions of eclipsing binaries. 
f has observed the star SZ Cam, which is an 
sing binary and a member of the cluster NGC 
2. Its cluster membership makes it possible to 
tmine its effective temperature, and the multi- 
r photometric investigation, using narrow-band 
rs that avoid difficulties from the Balmer discon- 
ity, is designed for determining differential limb- 
ening coefficients for comparison with predic- 
s of theoretical model atmospheres. Neff also 
le photometric measurements of other cluster 
abers, and calibrated the four-color system by ob- 
ation of Johnson Standards and of stars in M39. 
olar System. Taylor has carried a spectrophoto- 
ric investigation of Jupiter, Saturn, Mars, and the 
n, using the photoelectric scanning spectrograph 
‘the spectral interval from 3400 A to 10000 A. 
resolution has varied from 5 to 15 A. This data 
laced on an absolute system by comparison with 
s of known energy distribution and provides a 
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set of monochromatic albedos. It is possible to deter- 
mine the equivalent widths of the band features in the 
spectrum of Jupiter, and from the limb-darkening 
data it is intended to construct model planetary 
atmospheres. 

O’Dell and Osterbrock observed Comet Burnham 
(1959 k) photoelectrically with the 36-inch telescope 
scanning spectrograph as well as with the 12-inch 
telescope, where interference filters were used, one 
isolating the C, 4700 A emission-band, the other the 
continuous spectrum at 4460 A. The observations 
give the flux in energy units from the comet in the 
C, emission-band, and in the continuum, as a function 
of distance from the center of the comet, on four 
different nights, all after perihelion passage. Oster- 
brock measured the H£ intensity during the great 
aurora of 3/4 September 1959. The observations 
show that the Hf intensity continued to increase 
after a corona formed, and reached a maximum as 
the aurora broke up into rays, decreasing rapidly to 
nearly zero within the next ten minutes. The max- 
imum flux of protons incident on the earth during 
this aurora, deduced from these measurements, was 
at least 1.4108 auroral protons/ sq cm/sec. 

Extragalactic Systems. With 200-inch plates kindly 
supplied by Baum, Bless has determined the color 
index and energy emitted by the jet of the peculiar 
elliptical galaxy NGC 4486, These measurements 
show that the spectrum of the jet radiation is an 
extension of the nonthermal radio spectrum of this 
galaxy, and that a high-frequency cutoff exists. A 
model of the galaxy which attempts to account for 
the nonthermal radiation has been constructed. Code 
and Neff are carrying out a reduction of data on the 
energy distribution of a number of extragalactic sys- 
tems. The observations refer to the bright nucleus of 
these galaxies, and the analysis yields both the energy 
distribution of the continuum and the equivalent 
width of the stronger line features. Osterbrock com- 
pleted the reduction and interpretation of his ob- 
servational material on interstellar gas in elliptical 
galaxies. It proved possible to estimate the mass, 
rotational velocity, and turbulent velocity of the 
ionized gas in the elliptical NGC 4278, as well 
as the relative abundances of the observable ions 
H+O+,O**N*, and Ne*+. It is probable that all el- 
liptical galaxies contain interstellar gas, and that the 
observed relative strength or absence of emission 
lines is largely an effect of ionization. The mechanism 
of ionization is not known but it may be either from 
ultraviolet stellar radiation or from the conversion of 
stellar kinetic energy into heat. 

Stellar Spectroscopy. Code and Bless have nearly 
completed an analysis of the spectrograms of the 
southern Wolf-Rayet star y2 Velorum. These spec- 
trograms obtained by Code in South Africa cover the 
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wavelength region 3800 A to 11 000 A. The nature of 
the envelope of this star is discussed. Houck is con- 
tinuing a study of the promising infrared spectra, 
obtained at Flagstaff with the infrared mica-window 
image-tube developed for the Carnegie Institution of 
Washington. Houck, Flather, and Bless are reducing 
photoelectric spectral scans of Nova Herculis (1960). 
This nova was scanned over the wavelength region 
3000 to 6700 A with 10 A resolution on 13 nights, 
and over the region 6500 A to 12000 A with 20A 
resolution on 3 nights. The observations were made 
between 11 March and 14 May of 1960. The data 
make it possible to determine the energy in absolute 
units in the various emissions. It is also possible to 
determine what lines contribute to the observed light- 
curves obtained photoelectrically by Huffer and 
others. Some of the striking changes in the Balmer 
decrement, and appearance of forbidden lines, suggest 
a time-dependent phenomenon similar to that initially 
discussed by Grotian. 

Theoretical Studies. Mathis has completed a study 
of the velocity distribution function in a simplified 
model of a globular cluster in which all stars were 
taken to be equally massive. He found that the dis- 
tribution is quite anisotropic, with tangentially movy- 
ing. stars predominating. Mathis has also carried 
out computations on the effect of the finite rate of 
diffusion of radiation on the evolution of massive 
stars. West, Collins, and Code have also constructed 
some stellar models for very massive stars. Daub has 
been carrying out calculations on the effect of the 
relative abundances of the elements in a planetary 
nebula on its kinetic temperature — on its relative 
line strength. : 

Space Astronomy Studies. Considerable effort has 
been devoted by Houck and Code and others to a 
program directed toward astronomical observations 
from above the earth’s atmosphere. A summary of 
the types of stellar observations that appear to repre- 
sent a suitable first step has been published by Code. 
Instrument design and laboratory tests are being 
carried out directed towards spectrophotometric 
measurements in the ultraviolet. The Pine Bluff Ob- 
servatory has been the site of the data recovery 
station used by the Department of Meteorology for 
acquiring some of the information from their heat 
balance experiment in Explorer VII. 

Visitors. The Astronomy Department has con- 
tinued to hold public visitors nights on Campus on a 
regular basis as well as Planetarium Demonstrations. 
During the year three open houses have been held at 
the Pine Bluff Observatory for the general public. 
The attendance at these open houses has been in 
excess of 3000. 


ARTHUR C. Cope, Director 
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Yerkes Observatory, University of Chicago, Wi 
liams Bay, Wisconsin, and McDonald Obsery; 
tory, University of Texas, Fort Davis, Tex 
Joint Department of Astronomy of the Universi 
of Chicago and the aan of Texas 


University ‘of Arizona. The undersigned was a 
pointed Director as of March 1, 1960; J. W. Che 
berlain was appointed Associate Director of Yerk 
Observatory and F. N. Edmonds, Jr., was appointé 
Associate Director of McDonald Observatory ; the 
appointments also began on March 1, 1960. 

H. L. Johnson was appointed Professor of A 
tronomy (Texas). E. Margaret Burbidge was a’ 
pointed Volunteer Associate Professor (Chicago 
R. H. Miller was appointed Assistant Profess 
(Chicago). H. A. Abt resigned to accept a positi¢ 
with AURA in Tucson, Arizona. R. P. Kraft” 
signed to accept a position with Mount Wilson at 
Palomar Observatories. G. P. Kuiper was appoint’ 
a consultant to NASA. Mr. Arthur received 
Medal of the British Photogrammetric Society. 

Dr. Leo Randié, Associate Professor of Astronon 
at the University of Zagreb, Yugoslavia, made 
study of Russian astronomical literature with speci 
reference to the solar system, in connection wi 
certain projects carried on by Kuiper. | 

Research Associates on projects sponsored by NS 
and ONR through the University of Texas we 
Richard I. Mitchell and Braulio Iriarte; a Resear 
Assistantship was held by F. D. Talbert. Resear 
Associates on projects sponsored by NSF, ARD 
and ONR, through the University of Chicago, i 
cluded D. W. G. Arthur, K. Bahner, A. Behr, - 
Gehrels, J. Hazlehurst, B. M. Middlehurst, L. Ra 
di¢, J. W. Tapscott, L. V. Wallace, E. A. Whitak 
A. D. Williams, and L. Woltjer. 

National Science Foundation Graduate Fello 
ships were held by J. C. Brandt and W. G. Mathey 

Research Assistants (Chicago) included: J. 
Brandt, A. Heiser, E. Moore, P. Pesch, Cm 
Sagan, C. Smith, P. O. Vandervoort, J. P. Wrigi 
and J. Kristian. 

Summer Assistantships were held by A. Bind 
D. Cruikshank, and C. Huzzen. : 

The Ph.D. degree was awarded to Peter Pest 
Carl E. Sagan, and Peter O. Vandervoort. y 

Visitors who gave colloquia included, amo 
others: Professor H. Alfvén, Professor Fred Hoy 
Dr. Paul Ledoux, Dr. W. L. Wilcock, and Dr. 
Woltjer. 

Chandrasekhar gave the Weizmann Memorial Le 
tures in Israel in April, 1960. 


Morgan attended the First Inter-American Con- 
fence on Astronomy at La Plata and Cordoba, 
(gentina in the fall of 1959. Morgan delivered the 
fication address at the Kitt Peak National Ob- 
wvatory in March, 1960. 

Joint Department. A series of meetings held dur- 
7; the winter and spring of 1960 resulted in the 
‘mulation of by-laws for the operation of a Joint 
‘partment of Astronomy by the University of Chi- 
go and the University of Texas. The formal opera- 
in of the Joint Department began with the unani- 
dbus passing of the draft by-laws by the members 
| the Department on June 28, 1960, at Austin, 
oxas. 

Chile Observatory. The site-testing program for 
e Air-Force-sponsored Chile Observatory was con- 
tued under Kuiper’s over-all direction. The sur- 
ys were conducted by two teams from the staff of 
e Observatory of the University of Chile, under the 
imediate direction of Dr. F. Rutllant, Director of 
at Observatory. Field supervision of this program 
as carried out by Dr. J. Stock during two ex- 
nded trips to Chile. Kuiper designed an automatic 
ty-patrol camera for this survey. Stock designed an 
terferometer type, double four-inch telescope, with 
ve-foot beam separation ; two such instruments were 
ailt in Williams Bay and shipped to Chile in Janu- 
ty, 1960. The Air Force shipped a heavy duty 
nbulance truck to Chile for field work. The results 
{ the test program are very encouraging, and show 
le existence of first-class potential observatory sites 
t north-central Chile. 

‘In the fall of 1959 the University of Chicago, 
nder the Chairmanship of Vice-President Warren 
. Johnson, set up a policy advisory board in con- 
ection with the Air-Force-sponsored Chilean Ob- 
ervatory project. The following individuals agreed 
) serve on this committee: for the University of 
hile: F. Rutllant; for the University of Texas: 
ean W. Gordon Whaley ; for the University of Chi- 
ago: Vice-President Warren C. Johnson, Vice- 
resident W. B. Harrell, G. P. Kuiper and W. W. 
forgan; for AURA: Dr, C. D. Shane; for NSF: 
i. G. F. Mulders; for the Air Force Cambridge 
esearch Center: Dr. G. R. Miczaika (later, Dr. 
|. H. Dieter). 

Three meetings of this advisory committee were 
eld. At the third meeting, on March 30, 1960, the 
uestion of petitioning AURA to take over the con- 
Tuction and operation of the proposed Chilean 
lescope was discussed at length. At the conclusion 
[ the discussion, the following motion was carried 
hanimously: “That the committee recommend that 
ie University of Chicago, the University of Texas, 
id the University of Chile enter into negotiations 
ith AURA to arrive at an arrangement under which 
URA shall proceed with the construction and op- 
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eration of the joint Chilean Observatory.” This appli- 
cation, which was acceptable to the Air Force, was 
later made; it was accepted by AURA, and the 
administration of the Chilean project was on the 
point of passing over to that organization at the 
end of the period reported on herein. 

Facilities and Equipment. At Austin the Astron- 
omy Department moved into new quarters in the 
Physics building. A machine shop facility has been 
established for astronomy within the Austin Physics 
Department machine shop. An electronics laboratory 
to be used primarily for the development of infrared 
photometric equipment is being established by 
Johnson. 

At the McDonald Observatory, final plans for the 
office building, visitors’ gallery and dormitory have 
been approved; construction will probably start in 
1960. 

Hiltner and Miller began a project for the con- 
struction of a new aluminizing chamber for the 82- 
inch reflector. The chamber will be unique in its very 
high pumping speed, a cold (liquid nitrogen) ring 
for rapid (~10° 1/sec) pumping of condensables, 
and rapid evaporation of aluminum (10-15 sec). 

A two-cell photometer was constructed on the 
galactic program for photoelectric classification of 
cepheids by Hiltner and Kraft. The new instrument 
was designed to avoid difficulties due to variation in 
the seeing. It was found that the instrument was free 
of all seeing and guiding irregularities, and gave an 
accuracy equal to the statistical accuracy of the 
number of counts. 

Hiltner constructed a new polarimeter of the type 
originally suggested by him in 1950 for the observa- 
tion of bright stars. This instrument consists of two 
cells which observe the orthogonal planes of vibra- 
tion from a Wollaston prism. 

Hiltner and Miller continued work on image con- 
verters with thin Al,O, foils for the protection of 
the photocathodes. The life of these tubes is ex- 
tremely long, and the resolution is not impaired by 
the presence of the aluminum oxide foil; however, 
difficulties continue to be encountered because of the 
presence of field emission which restricts the ex- 
posure time. An image-forming photomultiplier, 
kindly made available by Dr. Wilcock of Imperial 
College, is now undergoing tests. 

Johnson inaugurated a development program 
which is intended to lead to the complete mechaniza- 
tion of the reduction of photoelectric observations. 
Reduction of UBV observations taken at the Mc- 
Donald Observatory is now regularly carried out on 
the IBM 650 computer of the University of Texas. 
Mr. Mitchell has been primarily responsible for the 
work with the electronic computer. 

A guiding system and a new mounting for the 
optics of the Meinel reducing camera have been de- 
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signed and are under construction. The modified 
reducing camera will provide speeds of f/3, f/4.5, 
and f/6 in connection with the 40-inch refractor. 
This project is financed by the Air Force Galactic 
Program. 

Miller was engaged in the design and construction 
of an automatic printout for use in conjuction with 
“photo counter” type photometers. This equipment 
should permit much faster and more accurate read- 
ings of photometric equipment—especially scalars— 
with a digital output on typed pages. 

Theoretical Astronomy. Chandrasekhar devoted all 
available time to the preparation of a book entitled 
Hydrodynamic and Hydromagnetic Stability. The 
manuscript is now in the hands of the publisher 
(Clarendon Press); it will be published in the 
spring of 1961. The subjects covered include the 
following. 


Basic concepts. 


The thermal instability of a layer of fluid heated 
from below: 1. The Bénard problem. 

The thermal instability of a layer of fluid heated 
from below: 2. The effect of rotation. 

The thermal instability of a layer of fluid heated 
from below: 3. The effect of a magnetic field. 

The thermal instability of a layer of. fluid heated 
from below: 4. The effect of rotation and mag- 
netic field. 

The onset of thermal instability in fluid spheres 
and spherical shells. 

The stability of Couette flow. 

The stability of more general flaws ‘between co- 
axial cylinders. 

The stability of Couette flow in hydromagnetics. 

The stability of superposed fluids: ee Rayleigh- 
Taylor instability. 

The stability of superposed fluids: 
Helmholtz instability. ~ 

The stability of jets and cylinders. 

Gravitational equilibrium and gravitational insta- 
bility. 

A general variational principle. 


The Kelvin- 


The writing of this book required many major in- 
vestigations ; in some instances brief announcements 
of certain results have been published: 


The stability of non-dissipative Couette flow in 
hydromagnetics (1960, Proc. Natl. Acad. Sci. 
DEES 2A, -253=257 ). 

The hydrodynamic stability of inviscid flow be- 
tween coaxial cylinders (1960, Proc. Natl. 
Acad. Sct. U. S. 46, 137-141). 

The hydrodynamic stability of viscid flow between 
coaxial cylinders (1960, Proc. Natl. Acad. Sci. 
U. S. 46, 141-143). 
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In order to verify the theoretical predictions in 
last of these papers, new experiments were desi 
and carried out in the Hydrodynamic Laboratory 
the Meteorology Department by Dave Fultz ; 
Russell Donnelly. These experiments proved to 
extremely successful and a brief account will 
published in the Proceedings of the National 4 
emy of Science. 

A summary of all of the new results included 
the book is not feasible here; however, attenti 
might be especially drawn to a ‘generalization of 1 
virial theorem in hydromagnetics. This generali 
tion has made possible an approximate treatment 
the pulsations of rotating magnetic stars with rest 
which appear promising in several astrophysical ct 
nections. 

Peter O. Vandervoort, a graduate student in: 
Physics Department, spent the year at the Yer 
Observatory as a graduate assistant in the Astr 
omy Department. His principal research was & 
cerned with the relativistic motion of a charged f 
ticle in an inhomogeneous electromagnetic field ¢ 
is due to be published in the Annuals of Phys 
(The subject of this paper formed his thesis for 
Ph.D. in the Physics Department.) An abstract 
this paper follows. 

The guiding center approximation for the re 
tivistic motion of a charged particle in a nonunife 
electromagnetic field is treated by a method wh 
exhibits the nonconstancy of the adiabatic invari 
The position of the particle is expressed in terms 
variables which represent the gyration and the 1 
tion of the guiding center, respectively ; the equati 
which govern these variables are derived. The eq 
tion for the gyration is solved by an iteration meth 
and the solution is carried to the second approxi 
tion. In special cases, this solution suffices to de 
mine the change in the adiabatic invariant. The a 
batic invariant is interpreted as the relativistic a 
logue of the magnetic flux enclosed by the Lart 
orbit. In each approximation, the equation for 
motion of the guiding center is derived. An inte: 
of this equation expresses the invariance of 
square of the four-velocity. A systematic methoc 
described for solving the equation for the motior 
the guiding center in the case that the electric. 
magnetic fields are almost mutually perpendicula: 

Dr. John Hazlehurst spent the year as a Resea 
Associate in the Department. During the year he 
carried out the following investigations. 

(i) A detailed study of the propagation of a « 
tered stellar shock wave has led the writer to i1 
that, if the seat of the nova explosion is well wit 
the star, the energy released must be about 10*° e 
or 100 times the kinetic energy of the permane 
ejected gases. The material which fails to escap 
heated and expanded by the shock to form an ( 


imately) isothermal atmosphere at 2.10° deg, 
it is suggested that the intricacies of the post- 
imum ejection (e.g., the formation of shells) 
have their origin in the mechanical effects in- 
led by the cooling of this atmosphere. 

ii) In the hope of understanding the fluctuations 
he absorption line displacements of circumstellar 
lls, the writer has investigated the stability of the 
lowing highly idealized cylindrically symmetric 
Biels. 

lili) An incompressible (inviscid) fluid with a 
ial flow field. Rayleigh’s discriminant is found to 
replaceable by one which involves both the radial 
| the azimuthal velocity components. The radial 
v has a destabilizing effect. 

iv) A compressible (inviscid) gas in azimuthal 
w under gravity. The equation of state governing 
| perturbations is not necessarily assumed to be 
t operating under steady conditions. In the tract- 
e cases Rayleigh’s discriminant for an incom- 
sssible fluid can be taken over unchanged, but is 
dplemented by the condition that, for stability, the 
ae taken by an axially directed sound wave to cross 
bween the limiting planes must be somewhat less 
nm the fundamental period of oscillation. 

Edmonds made a preliminary attempt to fit a set 
eight model atmospheres constructed for Procyon 
observations of the continuous spectrum obtained 
| Dr. Robert C. Bless at the Washburn Observatory 
‘the University of Wisconsin and Dr. William 
ller of the University of Michigan Observatory. 
we models were constructed for different values of 
ective temperatures, hydrogen-to-metal ratios, and 
drogen-to-helium ratios. An effective temperature 
around 6800°K is indicated. As éxpected, the 
dels are quite insensitive to changes in the two 
ios. More accurate determinations of blanketing 
e under way and better observations in the infra- 
d have been furnished by Dr. Liller towards evalu- 
ng these two parameters. 

Aurora and Airglow. Chamberlain has completed 
= manuscript of his book Physics of the Aurora 
d Airglow, which is being published by Academic 
ess. A variety of problems have been investigated 
ring the year. Wallace has been engaged in a sys- 
study of the OH bands in the night airglow, 


ich were first identified at Yerkes by Meinel in 
1. One of the more important problems associated 
h OH is its yearly variation in intensity and in 
rotational temperature indicated by its spectrum. 
ullace finds that the temperature variation at this 
tude is very small, amounting to not more than 
K. 
allace and W. G. Mathews, a graduate student 
the Observatory, have investigated the possibility 
‘obtaining rotational temperatures from the near- 
ared Meinel bands of N,,*. The problems asso- 
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ciated with such a determination have been worked 
out and the results have been applied to auroral 
observations. The resultant temperatures are not of 
great accuracy and are somewhat higher than the 
average temperatures obtained from the near-ultra- 
violet bands of V,*. However, the difference is suffi- 
ciently significant to affect the generally held hypothe- 
sis that both band systems have a common origin. 

Chamberlain and a graduate student, Carl E. 
Sagan, have investigated the origin of N,* ionization 
in the upper atmosphere. These ions are observed 
directly during twilight by means of the twilight 
“flash,” first discovered by V. M. Slipher at the 
Lowell Observatory. It seems likely that this ioniza- 
tion is produced by the strong Hert A304 and possibly 
other emissions from the sun. A study of nightly 
variation of aurora at Yerkes Observatory by Cham- 
berlain and Miss Thorson has been made with the 
old observing records of E. E. Barnard. Chamberlain 
has been working in collaboration with E. H. Vestine 
at the RAND Corporation in Santa Monica on the 
relation between the trapped Van Allen radiation 
and auroral particles. They have suggested that sev- 
eral aspects of auroral morphology might be ex- 
plained if charged particles in the outer trapped 
region are accelerated locally in the neighborhood 
of the earth. 

Wallace and Chamberlain have recently published 
an observational and theoretical study of the O, emis- 
sion in the aurora and the airglow. A peculiarity of 
the observed O, bands in the aurora is that two 
bands from the same (atmospheric) system show 
widely discordant rotational temperatures. This fact 
has been tentatively explained in terms of the exci- 
tation mechanism for the emission. Chamberlain has 
also published some calculations on the maximum 
polarization that can be expected from the magnetic- 
dipole transition producing the [O1] line, 46300, in 
the aurora. It appears that there have been some 
observations on the aurora australis that show a 
higher polarization than what is theoretically pre- 
dicted. 

Solar System.—The theoretical program on the 
interplanetary gas, viewed as an outer tenuous exten- 
sion of the solar corona, has been continued by 
Chamberlain and J. C. Brandt, a graduate student. 
The results are being published in a series of four 
papers in the Astrophysical Journal. Paper I by 
Brandt and Chamberlain dealt with the Ly-a ob- 
served in the light of the night sky through rocket 
instrumentation by a group at the Naval Research 
Laboratory. These observations were interpreted in 
terms of neutral hydrogen in the interplanetary gas. 
Paper II by Chamberlain dealt with the problem of 
escape of the solar corona through thermal evapora- 


tion. 
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Paper III by Chamberlain treats the same problem 
from the different point of view of the macroscopic 
equations of hydrodynamics and thermodynamics. 
The main conclusions of this work are to show that 
the temperature of the gas in the neighborhood of 
the earth is of the order of 20000°K and that the 
solar corona would normally tend to expand only 
very slowly, producing a “solar breeze” in inter- 
planetary space. The work concludes that if there is 
a stronger “solar wind” it must arise from some 
additional accelerating mechanism at the sun. Paper 
IV by Brandt deals with the abundance of neutral 
hydrogen to be expected in interplanetary gas. The 
latter work attempts to reconcile the neutral hydro- 
gen density deduced from the study of Paper I with 
the electron and ionized hydrogen densities derived 
in Papers II and III and observed directly in the 
zodiacal light. 

The Photographic Lunar Atlas was published in 
March, 1960, by Kuiper, Arthur, Whitaker, and 
Moore; the Atlas was published in two editions, one 
by the Air Force for official use, and one by the 
University of Chicago Press, for general distribution. 

Arthur and Whitaker started on the compilation 
of the first supplement to the Lunar Atlas. This is 
a collection of Atlas plates overprinted with the 
standard orthographic map grid at intervals of 0.01 
of the lunar radius in both coordinates, so that posi- 
tions can be taken out with an accuracy of 0.001. 
These sheets constitute an objective lunar map with 
a positional accuracy very much greater than that of 
existing maps. The map is to be published in two 
parts, and work on the first part is now complete; 
the second part should be completed by‘the spring 
of 1961. 

Visual observations of the moon were continued 
by Kuiper, Whitaker, and Arthur with the 82-, 36-, 
and 40-inch telescopes. Kuiper constructed a light 
_box provided with a set of model lunar craters and 
appropriate scales and adjustments; this device was 
found to be the most reliable for measuring slopes of 
crater walls. Typical truncated-cone craters, such as 
Mosting A, were found to have inner slopes varying 
between 38° close to the upper rim, and about 18° 
near the floor. Some near-conical chain craters were 
found to be as steep as 50°. 

Sagan has studied the problem of the formation of 
indigenous organic matter on the moon during the 
course of its history and has also investigated the 
possibility of biological contamination of the moon 
by terrestrial microorganisms, deposited there 
through impacting terrestrial material. 

Whitaker and Kuiper obtained about 150 plates 
with the 82-inch, in October and April; Moore took 
801 plates during the year with the 40-inch, in the 
selenodetic program. 
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Van Biesbroeck made three-color measures of 
earthshine on the moon on 21 days with a Dan 
photometer. This is part of a program sponsored 
the Smithsonian Institution. The discussion of 
entire material obtained in 1958 and 1959 at 
stations has been completed by Van Biesbroeck. 

Edmonds was engaged in an analysis of 8 
granulation. The photographs were made avi 
by Dr. Martin Schwarzschild of Princeton Uni 
sity, and the microphotometer at the Sacrame 
Peak Observatory was used to obtain tracings. A 
plitude distributions, skewness, and power spec 
have been obtained for these tracings by use of 
IBM 650 computing facility at the University 
Texas. The variation of solar granulation near 
limb and some preliminary results concerning 
homogeneities in the granulation pattern have b 
reported in the Astrophysical Journal. ( 

Edmonds has obtained isophotes from microp 
tometer tracings from several high-quality spect 
grams obtained at the 50-foot vacuum spectrogr. 
of the McMath-Hulbert Observatory. This mate 
will be used to determine the correlation betw 
fine structure in Fraunhofer lines and brightn 
variation in the continuum, and for a spectrop 
tometric analysis of the fine structure in the Fra 
hofer lines. 

Sagan has derived a model atmosphere for Ve 
by means of the conditions for radiation balar 
using radio data for the surface temperature. He 
also carried out theoretical and experimental stuc 
relating to the production of organic molecules 
planetary atmospheres. 

Gehrels and assistants completed the reduction 
about 20 new asteroid light curves, based on obser 
tions made with the McDonald telescopes. This me 
rial is being prepared for publication. 

Van Biesbroeck followed the asteroid Griqua 
tensively and obtained 30 positions. . 

Van Biesbroeck observed 16 comets for posit 
magnitude, and physical appearance—mostly v 
the 24-inch Yerkes reflector ; a total of 197 positi 
were obtained. 

Van Biesbroeck started work on the determi 


‘tion of the nearly parabolic orbit of Comet 194, 


(Bester). 

Stellar Astronomy. Abt determined a new rad 
velocity curve for the short period cepheid — 
Cassiopeiae. 

A series of investigations was carried out un 
Hiltner’s general supervision, in connection with 
contracts with the Air Force; they are the inve 
gations by Bahner, Behr, Kraft, and Pesch deseri 
in the following. 

Bahner was engaged in three programs during 
stay at the Yerkes Observatory: 


(1) Spectrophotometry of bright-star continuua. 
“Jie purpose of this program is to set up a standard 
Sitem of bright stars earlier than F5, for which the 
“Bative spectral energy distribution is measured; in 
‘Biition, two stars (a Leo and a Lyr) were to be 
@npared with a terrestrial light source which had 
en calibrated at the Heidelberg laboratory. Obser- 
tions are being made at 16 wavelengths free from 
ong absorption lines, between 3200 A and 6400 A; 
passband of about 50A is used. Approximately 
Tlf of the necessary observations had been secured 
the end of the period covered by this report. 

" (2) Photoelectric (B,V) photometry of classical 
Spheids in the direction of the Perseus arm. This 
a joint program with Hiltner and Kraft. Fairly 
implete light and color curves for 45 cepheids have 
en finished. 

1(3) Photoelectric (U,B,V) photometry has been 
ympleted for about 75 blue stars in the region of 
je north galactic pole. This program was carried 
{it jointly with Stock. 

» Behr was engaged in a program for the observing 
the wavelength dependence for interstellar polari- 
‘tion. The observations were carried out to a wave- 
sogth of 2p. 

' Behr continued his program of observations of 
gh precision for polarization of the nearby stars. 
1 the course of this program, he found a very large 
strumental polarization in the 36-inch reflector at 
cDonald Observatory. This instrumental error 
aries with wavelength, and represents a serious 
‘oblem for the determination of accurate values of 
dlarization. Behr carried out series of observations 
r polarization in the Orion and Cygnus regions. 
Hiltner, Pesch, and Brandt discovered a new 
Volf-Rayet spectroscopic binary in the association 
‘I Cygni. The new binary has an amplitude of 
J0 km/sec and a period of 22 days. A series of 
nectrograms of members of the VI Cygni associa- 
on were obtained by Hiltner for the purpose of 
etiving an accurate value of the radial velocity of 
us unique association. 

Johnson began a program of four-color photo- 
lectric observations of a large number of cepheid 
ariables north of declination —35°. The observa- 
Ons are on the (U,B,V’) system, plus the R magni- 
ide of Kron and Gascoigne. Johnson has obtained 
iree-color observations for the galactic clusters NGC 
639, NGC 6469, and Trumpler 35. Observations on 
1e (U,B,V) system were obtained by Johnson in 
1e globular cluster NGC 5053. These observations 
re intended to serve as photoelectric standards in a 
operative program with Dr. A. R. Sandage. 
Observations on the (U,B,/”) system have been 
btained by Johnson for about 200 F- -type stars in 
1¢ Selected Areas 3, 4, and 5. This program, which 
being carried on in collaboration with Dr. J. Borg- 


; 


OBSERVATORY REPORTS 


Sith 


man of the Kapteyn Astronomical Laboratory, is for 
the purpose of discovering stars having ultraviolet 
excesses ; such stars may be high-velocity subdwarfs. 

Limber was engaged in a study of the dynamics 
of the Pleiades cluster. For this purpose, the dynami- 
cal effects of the cloud of neutral hydrogen that 
forms a part of the cluster is being taken into account 
by means of an extension of the virial theorem; this 
allows the derivation of the total stellar mass of the 
cluster. The mass that is derived in this way will be 
compared with the total stellar mass predicted on the 
basis of several different models for the lower half 
of the luminosity function for the cluster. It is hoped 
in this way that certain reasonably reliable data char- 
acterizing the present luminosity function for the 
Pleiades can be derived. Such information could be 
of considerable importance to our understanding of 
problems dealing with the formation and evolution 
of the stars. 

Morgan continued the investigation of the proper- 
ties of integrated spectra of globular clusters from 
plates obtained with the McDonald 82-inch reflector. 
A discussion of new material, added to that used 
earlier, resulted in the segregation of a group of 13 
globular clusters of later spectral type; ten of these 
are concentrated in the region of the galactic nucleus, 
and the other three are located close to the galactic 
plane. Two globular clusters (NGC 6528 and NGC 
6553) appear to have metallic-line strengths greater 
than any of those observed earlier by Mayall and by 
Morgan; the spectra of these two clusters in the 
green region match closely those of a relatively trans- 
parent area of the galactic nuclear region near NGC 
6522 and of the nuclear region of M31. These two 
clusters may represent an intermediate stage between 
the halo globulars and open clusters. 

Peter Pesch obtained and discussed three-color 
photoelectric observations in the galactic clusters 
NGC 457, NGC 654, and NGC 7654. The color- 
magnitude diagram of the first is similar to that of 
h and y Persei; of especial interest is the resulting 
absolute magnitude of the FO Ia star » Cassiopeiae ; 
if it is a member of the cluster NGC 457, its visual 
absolute magnitude is —8.8. The F5 Ia star HD 
10494 is probably a member of the cluster NGC 654; 
its resulting visual absolute magnitude is —7.5. The 
F7 Ib star BD+60°2532 is probably a member of 
NGC 7654; on the assumption of membership, this 
supergiant is found to have a visual absolute magni- 
tude of —4.8. 

Galaxies. Fifty-three direct photographs of gal- 
axies were obtained at the prime focus of the 82-inch 
telescope by G. R. and E. M. Burbidge. The classes 
of objects photographed were: (a) spirals, barred 
spirals, and irregulars which are in the spectroscopic 
program for the determination of rotation curves; 
(b) peculiar multiple systems whose positions were 
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supplied by Vorontsov-Velyaminov in advance of 
publication in his Atlas. 

In association with Robert Fish, a graduate stu- 
dent, (U,B,V) photographs were taken of two gal- 
axies for which a mass distribution is now available. 
Fish has traced these plates with the isophotometer 
of the Observatory of the University of Michigan, 
and is analyzing the results to obtain distribution of 
light, and hence mass-to-light ratios, as a function of 
position in the galaxies. 

The Burbidges obtained 88 spectra with the Bab- 
cock spectrograph at the prime focus of the 82-inch 
telescope, for the determination of rotation curves 
of barred spirals and normal spirals by the long-slit 
technique; Ha and the [N11] lines were used. The 
rotation curves are analyzed by a method devised by 
K. Prendergast, 
masses are obtained. Spectrograms were also ob- 
tained for the determination of velocities in the 
peculiar multiple galaxies listed in the Vorontsov- 
Velyaminoy Atlas. 

Spectrograms were obtained with the Cassegrain 
spectrograph of the 82-inch of (a) a galaxy which 
proved to have a very bright and fast-rotating nu- 
cleus; (b) M32, the standard KO III star 8 Tauri, 
and certain other elliptical galaxies, for the purpose 
of obtaining velocity dispersions in the central re- 
gions—and hence masses by the virial theorem. Fish 
has computed the intensity-versus-wavelength distri- 
bution resulting from applying a range of velocity 
dispersions to the microphotometer tracings of 8 
Tauri. The work on elliptical galaxies outside the 
local system is being carried on in core orsaon with 
Dr. Minkowski. \ 

Completed investigations by E. M. puriiee Ka Rs 
Burbidge and K. H. Prendergast include: 

(1) The rotation and approximate mass of NGC 
3956) (2 M.B GR. Band Ko Roi. ye 

(2) A chain of galaxies. (E.M.B. and G.R.B.); 

(3) Distortion of the plane of the occulting 
matter in NGC 5866. (E.M.B. and G.R.B.); 

(4) The persistence of spiral structure. (K.H.P. 
and sGeRe Be) 


(5) Motions in barred’ spiral galaxies. I. The 
nuclei of NGC 1097 and NGC 1365. (E.M.B. and 
G.M.B.); 

(6) Motions in barred spiral galaxies. II. The 
rotation of NGC 7479. (E.M.B., G.R.B., and 
KG ESE sis 

(7) Motions in barred spiral galaxies. III. The 


rotation and approximate mass of NGC 3502. 
(EMBO GR. By and KHabs)= 

(8) The rotation, mass distribution, and mass 
of NGC12903. ‘(EM Ba G-RiBssand ieee) 

(9) Mass of elliptical galaxies. I. Redetermina- 
tion of the mass of M32. (E.M.B., G.R.B., and 
Robert Fish) ; 


and mass distribution and _ total: 
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(10) “Cosmical magnetohydrodynamics” ; 
in book Plasma Dynamics, Addison-Wesley oa. 
ing Company, Inc., Reading, Massachusetts ; i 

(11) “Die Entstehung der Sterne.” One of ’ 
prize essays; Springer-Verlag, Berlin. 

Brandt has used a limiting form of a method 
analysis due to Prendergast in studying the dep 
ence of the distributions of mass in M31 and in) 
Galaxy as functions of their rotation curves. f 

Limber investigated the hypothesis of a univer 
initial luminosity function. The times that stars spe 
on and near the main sequence were derived as fui 
tions of stellar mass from a discussion of the ave 
able data for individual stellar models. The rest 
were then used to calculate upper limits to the ma 
to-light ratios for stellar systems as functions of 1 
age of the system—on the assumption that an ini 
luminosity function of the usual form has been « 
erative. The observational data relating to the ma 
to-light ratios for galaxies and globular clusters hé 
been obtained. These observational values have be 
compared with the calculated upper limits, and 
has been found that ages greatly in excess of twe 
billion years would be required for many galaxies 
order that the data be consistent with the adop 
form for the initial luminosity function. The evidet 
appears to support strongly the view that the fo 
of the initial luminosity function has at times diffe: 
in a very significant way from its assumed form. 
follows that the form of the initial luminosity funct 
is sensitive to at least certain of the physical parar 
ters that describe the prestellar medium—paramet 
such as density, temperature, turbulent and magne 
state, and chemical composition. 

Limber and Mathews re-examined the dynami 
stability of the compact group of galaxies known 
Stephan’s Quintet. When account is taken of * 
uncertainties in the projection factors and in © 
observed radial velocities through appropriate stai 
tical models, it is shown that one is by no mez 
driven to the conclusion that the virial theorem : 
propriate to a cluster in dynamical equilibrium 
violated. There appears to be considerable supp 
for the view that the virial theorem as applied to t 
group is satisfied to at least a reasonable approxin 
tion and that Stephan’s Quintet is therefore in— 
near—dynamical equilibrium, and is not disrupt: 
significantly in a time scale of a billion years. 

Miller and Prendergast were engaged on an 
vestigation of the elliptical galaxy NGC 3379, w 
regard to the distribution in luminosity and me 
A comparison with theoretical models is now be 
carried out. 

During a period as Guest Investigator at Mor 
Wilson and Palomar Observatories, Morgan ci 
tinued the classification of the forms of the brigh 
galaxies on his revised system, from the origi 
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atives of the National Geographic Society—Palo- 
r Observatory Sky Survey; all galaxies of the 
upley-Ames Catalogue brighter than magnitude 
0 and north of declination —25° have now been 
lassified on the Palomar Sky Survey plates. 

An investigation was begun, from the same mate- 
|, of the relationship between form types on the 
rkes system and the apparent brightness of gal- 
es that are members of clusters and multiple sys- 
is. The brightest members of a cluster tend to 


have also the greatest central concentration of lumi- 
nosity; and there is a tendency for successively 
fainter members to be also successively less centrally- 
condensed. The relationship exists for galaxies of 
about the brightest three magnitudes in a cluster. 
This relationship appears to be closest in the cases 
of poor clusters and multiple galaxies. These pro- 
grams are being sponsored by the Office of Naval 
Research. 

W. W. Morgan, Director 
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NEW BOOK RECEIVED 


e Mathematics of Radiative Transfer by 1. W. Busbridge, published by the Cambridge University Press, 
American Branch, New York, New York. Price $5.00. 
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Invitations to Berkeley 1.A.U. Meeting 


E have recently received the following com- 
munication from the Executive Committee of 
the TAU: 

“According to the Statutes of the Union the Presi- 
dent may invite nonmembers of the Union to par- 
ticipate in the General Assembly. Adhering Organi- 
zations and National Committees of Astronomy are 
invited to submit proposals for astronomers and other 
scientists, not members of the Union, whom they 
would like the President to invite to attend the Gen- 


eral Assembly. The Executive Committee requests 


that proposals for such invitations be restricted to: 

(i) astronomers who are being proposed for mem- 
bership of the Union; 

(ii) young astronomers, potential members of the 
Union; 

(iii) outstanding scientists in other fields, with 
astronomical interests covering a wide range.” 

The U.S. National Committee has decided to re- 
quest Ph.D.-granting Departments of Astronomy to 
nominate the top 10% of their current graduate stu- 
dents to receive invitations, because they are consid- 
ered to be qualified under (ii). Nomination of one or 
two alternates would also be desirable. 
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VOLUME 65, 


NUMBER 9 NOVEMB: 


* 


Recent recipients of the Ph.D. who are n 
nominated for membership should also be no 
for invitations, if-they are deemed to be BL 
members of the Union.” 

Persons who are qualified under (iii) shoul 
nominated by two members of the Union. Ino 
of the anticipated large attendance of U. S. m 
it will be necessary to hold the number c 
invitations to a minimum. Nd 

Proposals for invitations should include: 

(a) name, initials, and address for corresp 

(b) professional or student status, and inst 

(c) particulars of degrees, 

(d) publications, theses, and unpublished 
papers, 

(e) other information to support the nom 

All correspondence concerning nomination 
be sent to the undersigned. 


FrANK K. EpMon 
Vice Chairman 
i. U.S. Nat’l Com.- 
Goethe Link Obserz 
Indiana University 
Bloomington, Indias 


